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IMPROVED PHARMACEUTICAL COMPOSITIONS FOR GENE THERAPY 



FIELD OF THE INVENTION 
The present invention relates to pharmaceutical compositions useful in the treatment of 
diseases by gene therapy, and in particular to compositions which rely on nucleic acid 
condensation agents. 

BACKGROUND TO THE INVENTION 

Gene therapy relies on efficient delivery of DNA to target cells, and expression of the 
delivered DNA in the nucleus of such cells. Different modes of DNA delivery have been proposed,^ 
and these involve both viral and non-viral delivery of gene sequences. 

Early experiments on introducing DNA into mammalian cells in vitro utilized DNA in 
precipitated form with low efficiency of transfection and required selectable marker genes (Wigler 
et al. (1977) Cell 16, 777-85; Graham and Van der Eb (1979) Proc. Natl. Acad. Sci. USA 77 
,1373-76 and (1973) Virology 52, 456)). Since this time molecular biologists have developed 
many other more efficient techniques for introducing DNA into cells, such as electroporation, 
complexation with asbestos, polybrene, DEAE, Dextran, liposomes, lipopolyamines, 
polyornithine, particle bombardment and direct microinjection (reviewed by Kucherlapati and 
Skoultchi (1984) Crit. Rev. Biochem J_6, 349-79; Keown et al. (1990) Methods Enzymol. 185 . 
527). Many of these methods are unsuitable for use clinically since they give highly variable and 
relatively poor levels of transfection Another obstacle to the wider use of existing transfection 
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complexes resides in their instability in vivo . It has been shown that particles of a similar size to 
the transfection complexes of the prior an are rapidly and efficiently removed from the blood by 
the reticuloendothelial system (Poste and Kirsch, Bio/Technology I, 869 (1984)). 

Loyter and Volsky (Cell Sur. Rev. 8, 215-266 (1982) ) and Kaneda et al. (Exp. Cell Res. 
J73, 56-69 (1987) ) describe the reconstitution of viral envelopes as biological carriers including 
carriers of DNA. In thi ; approach, naturally occurring viruses are isolated, dissolved in detergent 
containing solvents, the viral nucleic acid removed and the remaining viral components 
reconstituted in the presence of plasmid DNA. However, this technology has proven to be 
extremely expensive and difficult to scale up. Moreover, serious safety concerns are connected 
with the pharmaceutical use of extracted viruses 

Other non-viral gene delivery systems described in the literature merely extend 
observations on transfection using DNA condensed using synthetic polymers. For example, 
soluble DNA/polylysine complexes can be generated (Li et al., Biochem. J. 12, 1763 (1973)). 
Polylysine complexes tagged with asialoglycoprotein have been used to target DNA to 
hepatocytes in vitro (Wu and Wu, J. Biol. Chem. 262, 4429 (1987); U.S. Patent 5,166,320). 
Lactosylated polylysine (Midoux et al. (1993) Nuc. Acids Res. 21, 871-878) and galactosylated 
histones (Chen et al. (1994) Human Gene Therapy 5, 429-435) have been used to target plasmid 
DNA to cells bearing lectin receptors, and insulin conjugated to polylysine (Rosenkrantz et al 
(1992) Exp. Cell Res. 199, 323-329) to cells bearing insulin receptors. However, Wagner et al. 
(supra) have shown that the latter approach is even less efficient than standard methods of 
transfection, and may therefore be considered unsuitable for pharmaceutical-development. 
Monoclonal antibodies have been used to target DNA to particular cell types (Machy et al. (1988) 
Proc. Natl. Acad. Sci. USA 85, 8027-8031, Trubetskoy et al. (1992) Bioconjugate Chem. 3, 
323-27 and WO 91/17773 and WO 92/19287). 

Peptides derived from the amino acid sequences of viral envelope proteins have been used 
in gene transfer when coadministered with polylysine DNA complexes (Plank et al. (1994) J. Biol. 
Chem. 269, 12918-24). Trubetskoy et al. (supra) and Mack et al. ((1994) Am. J. Med. Sci. 307 , 
138-143) suggest that cocondensation of polylysine conjugates with cationic lipids can lead to 
improvement in gene transfer efficiency. WO 95/02698 discloses the use of viral components to 
attempt to increase the efficiency of cationic lipid gene transfer. 

Disulfide bonds have been used to link the peptidic components of a delivery vehicle 
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(Cotten ct al. (1992) Meth. Enzymol. 217 . 618-644); see also, Trubetskoy et al. (supra) However, 
the chemical modification of the various components, although group specific, is not 
regjo-specific and leads to enormous molecular heterogeneity of the conjugated product. Disulfide 
bonds are also known to be unstable in biological fluids and thus limits the potency of such 
compounds in practice. 

Similar heterogeneity is also produced by other standard conjugation methods su< h as 
carbodiimide coupling through side chain carboxyl groups (Wu et al. (1991) J. Biol. Chem. 266 . 
14338-42). However, in addition to the above disadvantages, the resulting amide bond coupling 
the components is chemically stable within the cytosol and makes the components difficult to 
separate. 

More specific coupling chemistry has been employed by Cotten et al. (supra). This method 
involves oxidation of the carbohydrate moieties using periodate, followed by subsequent reaction 
with polylysine. The Schiff base so formed was reduced with sodium cyanoborohydride to form 
a stable amide bond. However, due to the large number of available lysine residues, the resulting 
amide bond was linked at random to the polylysine component. 

Trubstskoy (supra) observed increased efficiency of a conjugate made up of a 
heterogeneous polylysine moiety linked through the N-terminus non-specifically to amino 
functions on a monoclonal antibody. 

Many prior art methods employ highly heterogeneous components linked by conjugation 
chemistry which itself leads to more heterogeneity This heterogeneity leads to poor control 
during preparation and large batch-to-batch variability, low potency and poor solution stability 

Scale up and reproducible manufacture of the gene delivery vehicles described in the 
literature are problematic because of the extreme heterogeneity of the products and components 
of those systems. Key parameters such as quality control, process control and product 
identification are thus rendered imprecise. Therefore, an object of the invention is the development 
of a reproducible and scalable production process for pharmaceutical compositions which 
facilitate delivery of exogenous DNA to a target cell with high efficiency. 

Another object of the invention is to provide an improved nucleic acid delivery vehicle that 
is capable of evading the reticuloendothelial system and thus may withstand degradation in vivo. 

Another object of the invention is to provide an improved gene delivery complex having 
chemical components of defined stoichiometry and therefore reduced heterogeneity. 

3 
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Another object of the invention is to provide gene therapy products having improved 
properties as pharmaceutical compositions with improved therapeutic benefit. 

Yet another object f the invention is to provide a nucleic acid delivery complex that may 
be designed to target a selected cell population or to target a broad range of cell types. 

Yet another object of the invention is to provide a nucleic acid delivery complex that has 
an exceedingly low level of non-specific cell tarj eting. 

Yet another object of the invention is to provide a self-assembling virus-like particle, using 
defined stoichiometry of components 

Yet another object of the invention is to provide pharmaceutical formulations for gene 
delivery which exhibit increased transfection efficiency. 

SUMMARY OF THE INVENTION 
The invention encompasses a synthetic virus like particle (i.e., a transfection complex or 
gene delivery vehicle) for transfecting nucleic acid into a mammalian cell, the synthetic virus like 
particle comprising a recombinant nucleic acid, a plurality of nucleic acid condensing peptides, 
the peptides being non-covalently associated with the recombinant nucleic acid such that the 
nucleic add is in condensed form, wherein each nucleic acid condensing peptide is a heteropeptide, 
and the plurality of nucleic acid condensing peptides has low polydispersion. 

In preferred embodiments, the plural nucleic acid condensing peptides comprise a first 
nucleic acid condensing peptide and a second nucleic acid condensing peptide, wherein the first 
nucleic acid condensing peptide comprises a first functional group covalently bound thereto. The 
first nucleic acid condensing peptide may further comprise a second functional group which may 
be directly bound to the peptide or may be covalently bound to the first functional group, where 
the first fiincitonal group is bound to the peptide. Alternatively, a second nucleic acid condensing 
peptide also may comprise a second functional group covalently bound thereto, the second 
functional group being different from the first functional group. The first and second nucleic acid 
condensing peptides may have identical or different amino acid sequences. 

The functional groups which are bound to peptides useful in the invention include a ligand 
that is an antigenic peptide or a ligand that targets a specific cell-type such as a monoclonal 
antibody, insulin, transferrin, asialoglycoprotein, or a sugar. The ligand thus may target cells in 
a non-specific manner or in a specific manner that is restricted with respect to cell type. 
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The functional group also may comprise a lipid such as palmitoyl, oleyl, stearoyl or 
cholesterol. 

The functional group also may comprise a neutral hydrophilic polymer such as 
polyethylene glycol (PEG), or polyvinylpyrrolidone (PVP). 

The functional group also may comprise a fiisogenic peptide such as the HA peptide of 
influenza virus. 

The functional group also may comprise an enzyme such as a recombinase or an integrase. 

The functional group also may comprise an intracellular trafficking protein such as a 
nuclear localization sequence (NLS). 

In a particular preferred embodiment, that is, wherein the second functional group is 
covalently linked to a first funtional group which is linked directly to the peptide, the first 
functional group may comprise one of a lipid or a neutral hydrophilic polymer such as PEG and 
the second functional group a ligand that targets a cell surface receptor. For example, when the 
first functional group comprises a lipid, the second functional group may comprise a ligand that 
targets a cellular receptor. When the first functional group comprises PEG, the second functional 
group may comprise a ligand that targets a cellular receptor. The ligand may be, for example, 
one of a sugar moiety or a ligand whose cellular receptor is restricted to a cell-type, and thus the 
target cell population may be unrestricted or restricted as to cell type. Alternatively, when the 
first functional group comprises a lipid, the second functional group may comprise PEG. 

The first nucleic acid condensing peptide may comprise 8-24 positively charged amino acid 
side groups, more preferably the number of positively charged amino acid side groups is 12-18. 

Preferably, the ratio of positive/negative charges in a synthetic virus like particle that is 
capable of targeting a specific mammalian cell type is within the range 0.5-3 per phosphate 
residue in the nucleic acid; this ratio more preferably being within the range 0.8 - 1.2. 

Preferably, the ratio of positive/negative charges in a synthetic virus like panicle that is 
unrestricted with respect to the type of cell it targets is in within the range of 0.5 - 5 per 
phosphate residue in the nucleic acid, and more preferably within the range of 1.2 - 2. 

The invention also encompasses a plurality of nucleic acid condensing peptides which are 
used to formulate a synthetic virus like particle of the invention, wherein each nucleic acid 
condensing peptide of the plurality being a heteropeptide, and the -plurality of nucleic acid 
condensing peptides having low polydispersion, the peptides being further characterized in that, 



WO 96/41606 



PCT/GB96/01396 



when contacted whh recombinant nucleic acid, the peptides are able to non-covalently associate 
with the nucleic acid to form a synthetic virus like particle containing condensed recombinant 
nucleic acid, and the synthetic virus like particle being characterized in that, when contacted with 
a mammalian cell, the particle can transfect nucleic acid into the cell. 

The plurality of nucleic acid condensing peptides may comprise a first nucleic acid 
condensing peptide and a second nucleic acid condensing peptide, wherein ihe first nucleic acid 
condensing peptide comprises a first functional group covalently bound thereto, and the second 
nucleic acid condensing peptide may comprise a second functional group covalently bound 
thereto, the second functional group being different from the first functional group. 

A preferred nucleic acid condensing peptide comprises an amino acid sequence of the 
generic formula 

hm 2 .A-(X 1 X 2 Y l Y 2 ) B X 3 X 4 .(Z I Z^3Z 4 ).(X 5 X 6 Y 3 Y 4 ) (n X 7 X f BCOOH 

wherein each of X,^ is, independently, an amino acid having a positively charged group 
on the side chain; wherein each of Y,- 4 is, independently, a naturally occurring amino acid which 
promotes alpha helix formation; wherein each of Z 1-4 is, independently, a naturally occurring 
amino acid with at least 3 amino acids having a high propensity to form a stabilized tum structure; 
wherein A is an amino-terminal serine or threonine residue; wherein B is any amino acid; and 
wherein n = 2 - 4 and m = 2 

Other preferred peptides are those wherein each of X M is, independently, lysine, arginine, 
2.4-diamino-butyric acid or ornithine; wherein each of Y,- 4 is, independently, glutamic acid, 
alanine, leucine, methionine, glutamine, tryptophan or histidine; wherein each of Z,^ is, 
independently, asparagine, glycine, proline, serine, and aspartic acid; wherein B is any one of 
alanine, glutamic acid or cysteine. 

It is also contemplated according to the invention that peptides useful in the invention may 
contain one or more internal Serine, Threonine, or Cysteine residues, preferably at a position in 
the sequence which will be exposed for conjugation to a selected ligand, and thus not on the 
positively charged (nucleic acid oriented) face of the a-helix. This positioning of selected reactive 
amino acid residues within the peptide and oriented such that they do not contact the face of the 
peptide that contacts nucleic acid permits conjugation of the peptide with other functional 
peptides by bonds of selected and defined stability. Cysteine allows specific conjugation via the 
thiol side chain to compounds containing other reactive thiol groups (via disulfides), alkylating 
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functions (to form thioether bonds), or other thiol reactive groups such as maleimide derivatives. 
Bonds of "defined stability" are described hereinbelow, and include bonds such as acid labile 
bonds (hydrazone) or linkages that are less stable in the reducing environment of the cytosol 
(disulfide). Such bonds are useful for carrying functional groups on the synthetic virus like 
particle. 

* Preferred peptides which fall within this generic sequence include: 

NBC7 TRRAWRRAKRRAARR^ 
NBC 1 1 H-TKKAWKKAEKKAAKKCGVS 

Thus, a nucleic acid condensing peptide according to the invention may contain: 1) helix- 
forming amino acids, 2) a repeating three-dimensional structure that contacts the major groove 
of the nucleic acid, 3) suitable chromophores for quantitation, and 4) a number of "handles" (i.e., 
reactive sites) for regio-specific conjugation of ligands which form accessory functional domains. 

Nucleic acid condensing peptides of the invention also may include portions of HI 
(sequence I, II or III below) which are identified herein as sequences which possess the ability to 
condense nucleic acid Therefore, a nucleic acid condensing peptide of the invention can comprise 
a linear combination of the following three consensus sequences where the total sequence length 
is >17 residues 
Sequence I: 

-K-K-X-P-K-K-Y-Z-B-P-A-J- 
*A where: K is Lysine, P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine or 

Valine; Z is Alanine, Theonine or Proline, B is Lysine, Alanine, Threonine or Valine; and J is 
Alanine or Valine. 
Sequence II 

-X-K-S-P-A-K-A-K-A- 
where: X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Sequence III 

-X-Y-V-K-P-K-A-A-K-Z-K-B- 
where: X is Lysine or Arginine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
1 Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

A preferred peptide is NBC1, which has the following structure: 
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NH 2 -[SV40 NLS]-[Seq I]-[Seq II]-[Seq III]-[SV40 NLS]-[Seq I]-C-COOH, 

where -C- is Cysteine;where the S V40 NLS has the sequence Pro-Lys-Lys-Lys- Arg-Lys- 

Val-Gln; and sequence 

H-PKKKRKVEKKSPKKAKKPA^ 

KKAKKPAAC(Acm)-OH. 

Another preferred nucleic acid condensing peptide of the invention will have an amino acid * 
sequence that falls within the following generic sequence: 

NH^X-Ol^C-COOH 

where X is either absent or Serine or Threonine; Y is sequence I, II or III as defined above; n is 
2-6; and C is Cysteine. 

Particularly preferred peptides according to the invention are the following: 

NBC2 has the structure: NH 2 -[Seq III]-[SV40 NLSl]-[Seq I]-C-COOH, 
where -C- is Cysteine 

NBC8 has the structure:. NH 2 -[Seq I]-[Seq I]-C-COOH 
where -C- is Cysteine 

NBC 13 has the structure: NH,-[Seq I]-[Seq IHSeq I]-C-COOH 
where -C- is Cysteine. 

NBC10 has the structure: NH : -[Seq I]-[Seq I]-[Seq I]-[Seq IJ-C-COOH 
where -C- is Cysteine; the amino acid sequences of which are as follows: 
NBC2 H-KAVKPKAAKPKKPKK^ 

NBC8 H-KKSPKKAKKPAAKKSPKKAKKPAAC(Acm)-OH; 
NBC 1 3 H-KKSPKKAKKPAAXKSPKKAKKPAA 
NBC 1 0 H-KKSPKKAKKPAAKKSPKKAiCKPAAKKSPKI^ 
AAC(Acm)-OH 

The invention also features a synthetic virus like particle for transfecting nucleic acid into 
a mammalian cell, the synthetic virus like particle comprising a recombinant nucleic acid, a first 
plurality of first nucleic acid condensing peptides, each peptide comprising a covalently linked first 
functional group, a second plurality of second nucleic acid condensing peptides, wherein each 
nucleic acid condensing peptide is a heteropeptide and each plurality of nucleic acid condensing 
peptides has low polydispersion, wherein each plurality of nucleic acid condensing peptides is 
non-covalently associated with the recombinant nucleic acid such that the nucleic acid is in 
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condensed form. 

The synthetic virus like particle may further comprise a third plurality of third nucleic acid 
condensing peptides, each third peptide comprising a covalently linked second functional group 
which is different from the first functional group. 

The first and second functional groups may present in the synthetic virus like particle in 
a preselec ed ratio. 

The first nucleic acid condensing peptide may comprise a first functional group covalently ^ 
bound thereto and may further comprise a second functional group covalently bound thereto. 
The second functional group may be covalently bound to the first functional group, or it may be 
covalently bound to the peptide itself 

The first and the second nucleic acid condensing peptides may have the same or different 
amino acid sequences. 

The invention also encompasses a method of transfecting a mammalian cell with a 
recombinant nucleic acid, the method comprising contacting a mammalian cell with a synthetic 
virus like particle as described herein 

The invention also encompasses a method of transfecting a mammalian cell with a 
recombinant nucleic acid, the method comprising the steps of a) forming a mixture of a synthetic 
virus like particle of the invention and an endosomal disruption agent, and b) contacting the 
mixture of step a) with a mammalian cell under conditions sufficient to allow transfection of the 
cell with the nucleic acid. 

^ The invention also encompasses a method of formulating a synthetic virus like particle -for -a 
administration to a patient, the method comprising mixing a synthetic virus like particle of the 
invention with an endosomal disruption agent. 

Preferably, the endosomal disruption agent is a fiisogenic peptide. 

The invention also encompasses methods of enhancing transfection of a mammalian cell 
with a recombinant nucleic acid, the method comprising the steps of a) forming a mixture of a 
synthetic virus like particle and a neutral hydrophilic polymer, as described herein, and b) 
contacting the mixture of step a) with a mammalian cell under conditions sufficient to allow 
transfection of the cell with nucleic acid. 

The invention also encompasses methods of formulating a synthetic virus like particle for 
administration to a patient, one method comprising mixing a synthetic virus like particle of the 
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invention with a neutral hydrophilic polymer, as described herein. 

The invention also encompasses a pharmaceutical formulation for administering a 
recombinant nucleic acid to a patient, comprising a synthetic virus like panicle of the invention 
in admixture with a pharmaceutically acceptable carrier. 

The pharmaceutical formulation may further comprise an endosomal disruption agent, 
or a neutral hydrophilic polymer. 

The invention also encompasses a method of introducing a recombinant nucleic acid into 
a patient, the method comprising administering to the patient a therapeutically effective amount 
of a synthetic virus like particle of the invention or a pharmaceutical formulation of the invention. 

The invention also encompasses a method of making a synthetic virus like particle for 
transfecting mammalian cells with a recombinant nucleic acid, the method comprising mixing a 
recombinant nucleic acid with a plurality of nucleic acid condensing peptides under conditions 
sufficient to permit formation of a synthetic virus like particle containing condensed nucleic acid, 
wherein the nucleic acid condensing peptide is a heteropeptide and the plurality of nucleic acid 
condensing peptides has low polydispersion 

Preferably, the mixing step comprises mixing the nucleic acid with a plurality of nucleic 
acid condensing peptides wherein the plurality comprises a first nucleic acid condensing peptide 
and a second nucleic acid condensing peptide, each nucleic acid condensing peptide being a 
heteropeptide and each plurality of nucleic acid condensing peptides having low polydispersion, 
wherein the first nucleic acid condensing peptide comprises a first functional group covalently 
bound thereto. 

The invention also encompasses a method of making a synthetic virus like particle for 
transfecting mammalian cells with a recombinant nucleic acid, the method comprising mixing a 
recombinant nucleic acid with a first plurality of first nucleic acid condensing peptides and a 
second plurality of second nucleic acid condensing peptides under conditions sufficient to permit 
formation of a synthetic virus like panicle containing condensed nucleic acid, wherein each first 
and second nucleic acid condensing peptide is a heteropeptide and each first and second plurality 
of nucleic acid condensing peptides has low polydispersion. 

The method also may include the step of mixing the synthetic virus like particle with an 
endosomal disruption agent. 

The first nucleic acid condensing peptide may comprise a first functional group covalently 
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linked thereto, and the second nucleic acid condensing peptide may comprise a second functional 
group covalently linked thereto: The first and the second nucleic acid condensing peptides may 
have the same or different amino acid sequences. The first and second functional groups also may 
be the same or different groups. 

Each nucleic acid condensing peptide may have additional functional groups bound 
thereto, and these functional groups t-iay be directly bound to the peptide or indirectly bound to 
the peptide through another functional group. 

The mixing step of this method of the invention may comprise the step of selecting a ratio 
of first and second functional groups such that the proportions of first and second nucleic acid 
condensing peptides having covalently bound thereto first and second functional groups, 
respectively, that are mixed with recombinant nucleic acid correspond to this ratio. 

The invention also encompasses high precision chemistry in that the bonding position on 
a nucleic acid condensing peptide may be selected for covalent linkage to a functional group, and 
the position on the functional group for bonding to an amino acid on a nucleic acid condensing, 
peptide also may be selected The selection of a bonding position on a nucleic acid condensing 
peptide may include, for example, selecting the amino acid position on the first nucleic acid 
condensing peptide for covalent linkage to the first functional group and selecting the amino acid 
position on the second nucleic acid condensing peptide for covalent linkage to the second 
functional group. The bonding position may be an amino or carboxy terminal amino acid position 
of the nucleic acid condensing peptide 

The invention also encompasses a method of making a synthetic virus like particle for 
transfecting mammalian cells with a recombinant nucleic acid, the method comprising a) 
contacting a plurality of first nucleic acid condensing peptides with a recombinant nucleic acid in 
high salt concentration for a time sufficient to allow noncovalent association of the plurality of 
nucleic acid condensing peptides with the nucleic acid and condensation of the nucleic acid, b) 
diluting the salt concentration of step a) to a lower salt concentration and bringing the solution 
to a concentration of neutral hydrophilic polymer which permits stable particle formation. 

Preferably, the method also includes an additional step, after or coincident with step b), 
of adding a plurality of second nucleic acid condensing peptides, each second peptide comprising 
a lipid group covalently linked thereto, wherein each first and second nucleic acid condensing 
peptide is a heteropeptide and each plurality has low polydispersion. 
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Preferably, in step b), the dilution is performed simultaneously with the adding of the 
plurality of second nucleic acid condensing peptides. Alternatively, the dilution is performed prior 
to the adding of the plurality of second nucleic acid condensing peptides. 

The invention also encompasses a method of making a synthetic virus like particle for 
transfecting mammalian cells with a recombinant nucleic acid, the method comprising a) forming 
a mixture of a plurality of first nucleic acid condensing peptides and a recombinant nucleic acid 
in high salt concentration, b) incubating the mixture of step a) for time sufficient to allow 
noncovalent association of the plurality of nucleic acid condensing peptides with the nucleic acid 
and condensation of nucleic acid, and c) contacting the mixture of step b) with a plurality of 
second nucleic acid condensing peptides comprising a lipid group covalently linked to a second 
peptide, wherein each first and second nucleic acid condensing peptide is a heteropeptide and each 
plurality of nucleic acid condensing peptides has low polydispersion. 

Further features and advantages of the invention will become more fully apparent in the 
following description of the embodiments and drawings thereof, and from the claims. 

DESCRIPTION OF THE FIGURES 
Before describing the preferred embodiments off the invention, the drawings will be 
discussed. 

Fig. 1(a) is a schematic representation of a synthetic virus like particle according to the 
invention (10) containing a plurality of a heteropeptide (20a) and condensed nucleic acid (50), 
Fig. 1(b) is a schematic representation of a virus-like panicle according to the invention 

(11) containing a plurality of a heteropeptide having a first amino acid sequence (20a), a plurality 
of a heteropeptide having a second amino acid sequence (20b), a plurality of a heteropeptide (21) 
having a functional group (30) linked thereto, and condensed nucleic acid (50); 

Fig. 1(c) is a schematic representation of a virus-like particle according to the invention 

(12) containing a plurality of a heteropeptide (20), a plurality of a heteropeptide (21) having a first 
functional group (30) linked thereto, a plurality of a heteropeptide having a second functional 
group (31) linked thereto, and condensed nucleic acid (50), the first and second functional groups 
being present in the particle in a selected ratio; 

Fig. 1(d) is a schematic representation of a virus-like particle according to the invention 

(13) containing a plurality of a heteropeptide (20), a plurality of a heteropeptide (23) having both 
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a first (30) and a second (31) functional group linked thereto, and condensed nucleic acid (50); 

Fig. 1(e) is a schematic representation of a virus-like particle according to the invention 
(14) containing a plurality of a heteropeptide (20), a plurality of a heteropeptide having a first 
functional group (30) linked thereto and a second functional group (31) linked to the first 
functional group, and condensed nucleic acid (50); and 

Fig. 1(0 is a schematic representation of a virus-like particle according to the invention 
(f) containing a plurality of a heteropeptide (20), a plurality of a heteropeptide (21) having a first 
functional group (30) linked thereto, a plurality of a heteropeptide (22) having a second functional 
group (31) linked thereto, a plurality of a heteropeptide (25) having a third functional group (32) 
linked thereto, and condensed nucleic acid (50), the first, second, and third fimtional groups being 
present in the particle in a selected ratio. 

Fig. 2(a)-(h) are representative electrospray data on the mass distribution of peptides used 
in the invention. Each Figure shows the deconvoluted electrospray mass spectrum. Data 
collected on a VG Instruments Quattro IT Instrument fitted with a Quadropole analyzer. Peptides 
were dispensed and diluted into acetonitrite: methyoxyethanol; trifluoroacetic acid and injected 
directly into the instrument source; 

Fig. 2(a) refers to NBC1; 

Fig. 2(b) to NBC2; 

Fig. 2(c) toNBC4; 

Fig. 2(d) to NBC7, 

Fig. 2(e) to NBC8; * ^ 

Fig. 2(0 to NBC9; 

Fig. 2(g) to NBC 10; and 

Fig. 2(h) to NBC 13 

Fig. 3 is a gel retardation assay for nucleic acid condensing peptides. Complexes were 
assembled and electrophoresis carried out as described in Example 4. 1. 

Fig. 4(a) is a graph showing the effect of excess nucleic acid condensing peptide on 
untargeted transfection by synthetic virus like particles of the invention. 

Fig. 4(b) is a graph showing the effect of excess nucleic acid condensing peptide on 
transfection efficiency. 

Fig. 4(c) is a chart showing the effect of excess nucleic acid condensing peptide on 
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transfection efficiency. 

Fig. 5 shows the relative transfection potency of individual NBC peptides alone. The 
assay was performed as follows. Complexes were assembled as described in Example 4. 1 using 
0.6M sodium chloride, 25mM sodium phosphate buffer ph7.4; and 2^g of peptide per ^g of 
pRSV Luc plasmid DNA. The assay performed as described in Example 4.2. 1 using Jurkat Cells 
(lxlO 6 cells/point) and 2.5 ^g DNA per point. 

Fig. 6(a) shows the relative transfection efficiency of individual NBC peptides in 
combination with a fixed amount of Lip 13 in the complex. Experimental details are as described 
for Fig. 5 except each complex was assembled in the presence of 0.15/ig Lip 13 per ^g DNA. 
NBC peptide concentrations were 2 v% peptide /l ^g DNA. 

Fig. 6(b) is the same experiment as described in Fig. 6(a) except the ratio of Lip 13 was 
increased to 0.6 Mg peptide/ 1 Mg DNA. 

Fig. 7 is a UV absorbance trace of the elution pattern obtained during the ion-exchange 
chromatography of anti-CD7-NBC2. 

Fig. 8 is a UV absorbance trace of the elution pattern obtained during the ion-exchange 
chromatography of anti-CD33-NBC2 linked via an acid labile bond and a disulfide linkage. 

Fig. 9 is a histogram showing reporter gene expression in human myeloid cells (K562 
cells) treated with a plasmid containing the reporter gene condensed with anti-CD33-NBCl The 
experiment was carried out by the methods described in Examples 4. 1 and 4.2. 1 . The amount of 
DNA (in a complex) per assay point ( lxlO 6 cells/point) was varied from 0.15-5 ^g. 

Fig. 10 is a histogram showing the effect of charge ratio on transfection efficiency. Data 
points are the average of two replicates. 

Fig. 11 is a histogram showing the effect of antibody conjugate (anti-CD7-NBCl) 
concentration in the nucleic acid condensing on transfection efficiency. Each data point is the 
average of three replicates. 

Fig. 12 shows the relative transfection efficiency of targeted complexes (ami CD7/Jurkat 
cells) assembled with various proportions of ligand-NBC conjugate in the complex. The point 
of 100% condensation of RSV Luc DNA by anti-CD7-NBCl conjugate and unconjugated NBC1 
peptides was determined by separate gel retardation analyses. Complexes were then assembled 
as described in Example 4.1 with various proportions of anti-CD7-NBCl. Conjugated and 
unconjugated NBC1 were added in relative proportions so as to achieve 100% condensation of 

14 



BNSDOCID: <WO 9641 606 A2_L> 



WO 96/41606 



PCT/GB96/01396 



the nucleic acid, as described in detail in Example 6. 

Fig. 13 shows the time course for expression of the luciferase reporter gene after 
transfection of Jurkat cells with anti-CD7-NBC 1 complexes assembled as described in Example 
4. 1 in the presence of 0.6M sodium chloride, 2.5 mM HEPES buffer, pH 7.4. 

Fig. 14 shows the targeting of luciferase reporter gene DNA to HepG2 cells using insulin 
receptor-mediated gene transfer. 

Fig. 15 shows that the level of insulin receptor targeted gene transfer is diminished by 
transfection in the presence of unconjugated ligand. The control delivery system in this 
experiment was a non-targeted gene complex composed of 2^ig NBC 13 per /^g DNA in 
combination with 0.6 /ig Lip8 per ^g DNA. 

Fig. 16 shows the transfection of HepG2 cells using mannosyiated NBCl/pRSV Luc DNA 
complexes. Complexes were assembled as described in Example 4. 1 and assayed as described in 
Example 4.2.2 except cells were incubated for both 24 and 90h after transfection. 

Fig. 17 is a histogram showing increased transfection efficiency obtained if 
N-palmityl-NBCl is incorporated in the complex Ami CD7-NBC1 conjugate was co-condensed 
with increasing proportions of Lip2 as described in Example 4.1 and in the legend to Fig. 12 and 
used to transfect Jurkat cells as described in Example 4.2.1. 

Fig. 18 is a histogram showing increased transfection efficiency obtained if 
N-palmityl-NBC 1 is incorporated in the complex Ami CD33-NBC1 conjugate was co-condensed 
with increasing proportions of Lip2 as described in Example 4. 1 and in the legend to Fig. 12 and 
used to\transfect K562 cells as described in Example 4.2^1 . 

Fig. 19 is a graph showing the effect of the presence of lipidated nucleic acid condensing 
peptide on the transfection efficiency of synthetic virus like particles. Complexes were assembled 
as described in Example 4.1 using NBC2 and Lip2 and assayed using HepG2 cells as described 
in Example 4.2.2. 

Fig. 20 shows the effect of Lip 2, Lip 7, Lip 8, and Lip 13 in combination with NBC 
peptides NBC2, NBC7, NBC8 and NBC 13 on non-targeted transfection of Jurkat cells using RSV 
Luc luciferase reporter gene DNA. 

Fig. 21 shows the effect of Lip 13 and palmityl poly-lysine in combination with poly-lysine 
or NBC 13 on transfection of Jurkat cells using RSVLuc luciferase reporter gene DNA. 

Fig. 22 is a graph showing transfection of HepG2 and K562 cells using a synthetic virus 
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like particle. 

Fig. 23 is a graph showing plasma stability of synthetic virus like particles containing a 
lipidated peptide. 

Fig. 24 is a chart showing the effect of varying the concentrations of PEG and salt in a 
synthetic virus like particle formulation on transfection efficiency. 

Fig. 25 is a chart showing the effect of varying the concentrations of DNA and salt in a 
synthetic virus like particle formulation containing 2% PEG on transfection efficiency. 

Fig. 26(a) shows the relative transfection efficiency of formulations of RSVLuc reporter 
gene DNA. Duplicate 1 shows the effect of the NBC2/Lip2 complex formulated in 0.8M sodium 
chloride, 25mM HEPES pH 7.4 2.5^g/ assay point were diluted directly into 1x10* Jurkat cells 
during the transfection procedure described in Example 4.2. 1 . Duplicate 2 shows the transfection 
efficiency if the complex is first diluted into 0.1 5M sodium chloride and 25mM HEPES. 
Duplicate 3 shows the transfection efficiency after dilution into the same buffer except containing 
10% PEG 10,000. Duplicate 5 shows the effect observed when the complexes were assembled 
in the presence of 0.8M sodium chloride and 3 .5% PEG 10,000 and then diluted as described for 
Duplicate 3. 

Fig. 26(b) shows the effect of pre-assembling NBC2 complexes in 0.6M sodium chloride 
25mM sodium phosphate and diluting this solution with phosphate buffered saline, phosphate 
buffered saline containing 0.6/jg Lip2/^g DNA, into phosphate buffered saline containing 10% 
PEG 10,000 and into phosphate buffered saline containing 10% PEG 1000 and 0.6^g Lip 21 n% 
DNA. 

Fig. 27 shows the effect of maintaining various formulations at either 4° C or -20° C. The 
formulations S6 • S19 are summarized in Example 13. 

Fig. 28 is a histogram showing delivery of the synthetic virus like particle to peripheral 
blood mononuclear cells. 

Fig. 29 is a histogram showing delivery of the synthetic virus like particle to Jurkat cells 
and peripheral blood mononuclear cells 

Fig. 30 is a series of photographs of cross-sections of tumor tissue which has been 
transfected in vivo by a synthetic virus like panicle in which transfection by a lacZ reporter gene 
is indicated as a blue color. The experiments were performed with NBC2/Lip2 complexes 
assembled and formulated in a high salt formulation as described in Example 12.1.1. 
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Fig. 31(aH0 ^ a series of photographs of cross-sections of tumor tissue which has been 
transfected in vivo by a synthetic virus like particle in which transfection by a lacZ reporter gene 
is indicated as a blue color. The experiments were performed with NBC13/Lip2 complexes 
assembled and formulated in an isotonic formulation as described in Example 12.2.2. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention is based on the discovery of a highly efficient synthetic virus-like particle 
which, when contacted with a mammalian cell, transfers nucleic acid into the cell. The synthetic 
virus like particle includes a plurality of nucleic acid condensing peptides and condensed nucleic 
acid. The characteristics of these components of the synthetic virus like particle, and how to make 
and use synthetic virus like particles of the invention are described in detail below. 

A nucleic acid useful according to the invention may be any form of nucleic acid, e.g., 
circular, linear, double-stranded, and DNA or RNA. The nucleic acid may be of any length or 
sequence, e.g., a 10-50 base oligonucleotide or a longer vector DNA, e.g., l-20kb. 
Nucleic acid condensing Peptides According to the Invention 
Nucleic acid condensing peptides useful in the invention possess the following 
characteristics. 

1) Nucleic acid condensing peptides useful in the invention are characterized in that the 
peptides are heteropeptides. 

As used herein, a "heteropeptide" refers to a peptide having a selected amino acid 
sequence. The term "heteropeptide" refers to a peptide having an amino acid composition of at 
least two different amino acids This is in contrast to a "homopeptide" in which the amino acid 
composition consists of identical amino acids Thus, a homopeptide consists of 100% of the 
same amino acid, whereas a heteropeptide consists of a polypeptide claim in which as few as a 
single amino acid differs from the remainder of the amino acids in a chain, or for example 5%, 
10%, 20%, 30%, 50%, 70%, 80%, 90%, etc., of the amino acids in a chain differ from the 
remaining amino acids in the chain. A heteropeptide is therefore a linear peptide consisting of, 
in terms of its selected amino acid sequence, a variety of (i.e., at least two, at least three, at least 
four, etc.,) types of amino acids. 

As used herein, an "amino acid" refers to any of the twenty natural common amino acids, 
and also may refer to natural, uncommon amino acids or amino acid derivatives or analogs. An 
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amino acid in D- or L- form may be present in a peptide according to the invention. 

2) Nucleic acid condensing peptides of the invention are also characterized in that a 
plurality f nucleic acid condensing peptides, or a preparation of nucleic acid condensing peptides 
useful in the invention has a low polydispersion index. 

Nucleic acid condensing peptide preparations of the prior art, e.g., .'-flown as polycations, 
have a polydispersion index >1.1. This is evident in the description of polylysine peptide 
preparations in the prior art as having a "mean Mr" (Wu et al., 1987, J. Biol. Chem. 262;4429; 
Wu et al.. 1988, J. Biol. Chem. 263:14621; and W u et al., 1988, Biochem. 27:887) or having "an 
average chain length" (Wagner et al.. 1991, Proc. Nat. Aca. Sci. 88:4255; Wagner et al., 1992, 
Proc Nat. Aca. Sci. 89:7934) or an "average degree of polymerization" (Birnsteil et al.. 
EP0532525). Polylysine preparations having a mean Mr or an average chain length are used in 
the prior art to condense DNA for gene delivery. Such preparations are disclosed as having an 
average degree of polymerization of a given number of lysine groups, e.g., "polylysine 90" has an 
average degree of polymerization of 90 lysine groups; "polylysine 190" has an average degree of 
polymerization of 190 lysine groups; etc (Birnsteil et al., supra.) Preparations of polylysine are 
available commercially from Sigma Corporation and are known by one of skill in the art and 
documented upon purchase to have an actual distribution of sizes within each sample which varies 
per sample, and may vary, for example, from 30% - 1 50% of the material being distributed Thus, 
the actual peptide length within such a sample may be. for example, 80% above or 80% below the 
stated average length of the peptide The length of the peptide is thus reported as an average of 
various sizes which average is determined by low-angle light scattering analysis of individual lots 
of chemically synthesized peptide. 

Nucleic acid condensing peptide preparations useful according to the invention have a low 
polydispersion index (PDI), also termed index of polydispersity. As used herein, a "low" 
polydispersion index refers to a PDI of <1 .01 Nucleic acid condensing peptides useful in the 
invention have a PDI <1 .01, and preferably have a PDI <1 .00 1 . Nucleic acid condensing peptide 
preparations of the invention, of course, may have a PDI of 1.0 and thus are termed 
"monodispersed". As used herein, a "high" polydispersion index refers to a PDI of >1 . 1 , >1 .2, 
>1 .3, and generally in the range of 1 . 1 -2.0. 

The polydispersion index is used to characterize the molecular weight distribution of 
polymeric compounds. The PDI for a polymer having a homogeneous distribution of molecular 
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weights (i.e., where the polymer preparation contains a uniform molecular weight) is 1 .0, and for 
a highly heterogeneous polymer preparation (i.e., where the polymer preparation contains a wide 
distribution of molecular weights) the value approaches 2.0. 

The polydispersion index of a peptide preparation may be determined according to two 
methods which are described below: 1) using light scattering and colligative properties of the 
peptide preparation to determine the weight and number average molecular weights of the 
peptides in a preparation; or 2) using electro-spray mass spectrometry to determine the molecular 
weights of peptides in a given preparation. It is critical to the invention that the PDI be calculated 
according to the most accurate of the two methods, i.e., electro-spray mass spectrometry. That 
is, the former method of calculating the PDI provides only a rough estimate of the PDI in that, 
for a given peptide preparation, the ratio of Weight Average Molecular Weight / Number Average 
Molecular Weight for heterogeneous polymers may be determined, respectively, by light 
scattering and from colligative properties of the peptide preparation (G. Odian in Principles of 
Polymerisation, John Wiley and Sons, 198 1 ). One such colligative property is viscosity (supra) 
However, these parameters for measuring weight and number average molecular weights, are not 
accurate enough to be used in the determination of the PDI of peptides having low polydispersion, 
because they provide only a rough estimate of the PDI, i.e., only to within 1% of the mass of each 
peptide component of the preparation 

For peptide preparations having a PDI <1 .01, i.e., those peptide preparations synthesized 
according to methods described herein, a highly accurate measurement of peptide length in a 
peptide preparation must be provided such'that the accuracy is within 0.01% of the mass of each 
peptide component of the preparation, and preferably within 0.001%. 

The PDI for polymer peptides disclosed herein may be calculated from analysis of the 
peptides by electro-spray mass spectrometry. This method gives the exact mass of each 
component to within 0.001%. Representative electrospray mass sysectometry data of the peptides 
used in the invention are provided in Fig. 2(a)-(h). The PDI values of the peptide preparations 
useful in the present invention are in the range of 1.0 - 1.01. Calculation of the PDI from 
electospray data is illustrated in Example 3. Peptide preparations which are especially useful in 
the invention possess a PDI < 1 .0 1 , and even < 1 .00 1 . In contrast, the PDI values for the nucleic 
acid condensing peptide preparations reported in the prior art are >1.1. 

3) Amino acid length and composition of nucleic acid condensing peptides of the 
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invention. 

A nucleic acid condensing peptide suitable according to the invention is a basic peptide, 
i.e., a peptide with net positive charge, for example a peptide or polypeptide comprising 2-50, 
preferably 12-40, and more preferably 15-38 D or L amino acid residues. Preferably, the 
polypeptide includes at least 30%, more preferably 50% t and could include as much as-80-90% 
basic amino acids, such as lysine, arginine, hisidine, ornithine or a non-natural amino acid 
containing a side chain having a secondary or tertiary amine group. 

A nucleic acid condensing peptide according to the invention is preferably a peptide of, 
for example, 8-50 residues in length which includes a cysteine and/or threonine and/or serine 
residue which is available for regio-specific conjugation to a ligand, as defined herein. It is 
preferred that the cysteine and threonine residues be located N- and C-terminally, respectively, 
such that they may act as handles for covalent attachment of ligands. 

Although the invention contemplates the use of heteropeptides having overall net positive 
charge, nucleic acid condensing peptides useful in the invention also include peptides wherein a 
large proportion (e.g, 30%-90%) of the amino acid composition of the peptide is a single basic 
amino acid species, such as lysine. For example, a heteropeptide which includes a sequence of 
from approximately 8 to approximately 30 lysyl residues is useful according to the invention. 
However, a peptide which is a homopolymer of lysyl residues is not useful according to the 
invention because homopolymeric polylysine tends to be cytotoxic and to stick nonspecifically to 
cell surfaces under certain conditions Thus, the heteropolymeric nucleic acid condensing peptides 
contemplated herein are advantageous over homopolymers such as polylysine. 

4) A preferred nucleic acid condensing peptide is a peptide or polypeptide having an a- 
helical conformation structure. 

Such peptides, of which NBC7 and NBC1 1 (described herein) are specific examples, have 
been designed to interact with DNA by interacting through a conformational structure that is 
alpha helical. Where a functional group is covalently linked to the peptide, it follows that the 
functional group of the conjugate may be positioned around the turn of the alpha helical structure 
so as to be optimally exposed to the outer surface of the virus like particle. 

We have focussed on the conformational structure of DNA-conjugate complexes (i.e., 
DNA noncovalently associated with a conjugate which includes a peptide of the invention 
covalently linked to a functional group). The relevant intermolecular interactions are refined by 
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building a rigid scaffold which will specifically dock with DNA and allow positioning of the 
functional moiety such that steric hindrance will not occur. Such a rigid scaffold is provided by 
any peptide which forms a stable a-helix. 

A number of proteins that specifically interact with DNA (e.g., P22 cro, repressor, trp 
repressor, Cap, etc.) interact through an a-helix structure (10 residue) which lays across the 
major groo\ t of the DNA helix. This a-helix is usually followed in the polypeptide by a reverse 
turn forming the helix-turn-helix motif which is characteristic of these proteins. Most of the 
interactions that these sequences make with the DNA are weak hydrogen bonds to the phosphate 
and bases. This is because the function of these domains is to recognize a particular base 
sequence and then trigger a conformational change. We hypothesized that if such helices are 
designed so that the hydrogen bonds were replaced by ionic interactions, the binding would be 
much stronger and useful to us as a docking/condensation peptide. 

A peptide having an a-helical scaffold is designed as follows. 
Using a molecular model of a 10 residue a-helix, a helical wheel and a model of B-DNA, it is 
apparent that strong interactions can be made using a repeating sequence motif of X,X 2 -BB-X,X 2 - 
BB-X { X 2 , where X x is a basic residue interacting with the phosphate on one side of the major 
groove and X 2 is a basic residue interacting with a phosphate diametrically opposite the other side 
of the major groove. Either of X, and X : may be, for example, Lysine, arginine, or Histidine. 
Lysine, Arginine, and Histidine are preferred because both amino acids 1) are of sufficient size to 
bridge the major groove gap, 2) will interact strongly with phosphate and 3) are strong helix 
formers.A^If the residues BB are also residues with strong^helix-forming propensities then the 
peptide will form a stable a-helix in solution 

Preferred nucleic acid condensing peptides according to this aspect of the invention will 
fall within the generic formula 

hW r A-(XXYY) n XX-(Z 1 Z>Z3Z 4 ).(XXYY) m -XX-B-COOH 

where X is a naturally occurring or synthetic amino acid carrying a positively charged 
group on the side chain such as lysine, arginine, 2.4-diamino-butyric acid, histidine, and ornithine 
or a non-natural amino acid containing a side chain having a secondary or tertiary amine group; 

where Y is naturally occurring amino acid which has a high propensity to promote alpha 
helix formation as defined by Wilt and Thornton (1988) J. Mol. Biol 203. 2221-232 such as 
Glutamic acid, Alanine, Leucine, Methionine or Glutamine, Tryptophan or Histidine; 
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where 'Z M are naturally occurring amino acids with at least 3 members of the sequence 
having a high propensity to form stabilized turn structures as defined by Wilt Thornton (Joe. tit.) 
such as, Asparagine, Glycine, Proline, Serine, and Aspartic Acid; 

where A is N-terminal Serine or Threonine allowing specific oxidation of the side chain 
to an aldehyde group with periodic acid and thereby permitting conjugation of the peptide to 
another molecule carrying a reactive hydrazide or aminooxyacetyl function; 

where B is any amino acid but preferably Alanine, Glutamic Acid or Cysteine; and where 
n = 2 - 4 and m = 2. 

It is also contemplated according to the invention that peptides useful in the invention may 
contain one or more internal Serine, Threonine, or Cysteine residues, preferably at a position in 
the sequence which will be exposed for conjugation to a selected ligand, and thus not on the 
positively charged (DNA oriented) face of the cc-helix. This positioning of selected reactive amino 
acid residues within the peptide and oriented such that they do not contact the face of the peptide 
that contacts DNA permits conjugation of the peptide with other functional peptides by bonds of 
selected and defined stability. Cysteine allows specific conjugation via the thiol side chain to 
compounds containing other reactive thiol groups (via disulfides), alkylating functions (to form 
thioether bonds), or other thiol reactive groups such as maleimide derivatives. Bonds of "defined 
stability" are described hereinbelow, and include bonds such as acid labile bonds (hydrazone) or 
linkages that are less stable in the reducing environment of the cytosol (disulfide). Such bonds 
are useful for carrying functional groups on the synthetic virus like particle. 

In this aspect of the invention, a peptide will contain: 1) helix-forming amino acids, 2) a 
repeating three-dimensional structure that contacts the major groove of the DNA, 3) suitable 
chromophores for quantitation, and 4) a number of "handles" (i.e., reactive sites) for regio-specific 
conjugation of ligands which form accessory functional domains. Examples of such peptides 
include NBC7 and NBC1 1 . In these peptides, the threonine at position 1 is available for oxidation 
to glyoxal and therefore for conjugation via an oxime bond, tryptophan at positions 5 and 28 are 
chromophores which will allow quantitation in the presence and absence of DNA. The lysine at 
position 9 of NBC7 and the glutamic acid at position 9 of NBC- 1 1 are available for regio-specific 
conjugation via reductive amination, peptide bonds, etc., and the cysteine at position 16 for 
conjugation via thioether and disulfide bonds. The C-terminal glutamic acid of NBC7 is available 
for modification to a hydrazide and therefore for coupling via an oxime or hydrazone bond. 
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5) Another preferred nucleic acid condensing peptide is a peptide comprising a sequence 
which is derived from a sequence of histone HI protein and other human histones. 

Hist one HI is a highly basic protein of the histone family that is found in all higher 
organisms. Histone HI unlike the majority of other members of this family does not assemble as 
an integral part of the nucleosome. Histone HI is believed to interact primarily with those 
stretches of chromosomal DNA linking the nucleosome complexes of chromatin (Allen et al. 
Nature 288(1980). 675). Histone HI binds to naked DNA with the same salt dependence as HI 
depleted chromatin (Kumar and Walker (1980) Nucleic Acids Research 8, 3135). 

Histone HI protein is not useful as a component of a gene therapy delivery vehicle because 
it is not readily available and is a biological repressor of its own transcription. Recombinant 
histone HI cannot readily be produced by recombinant methods, and the protein is too large to 
be synthesized chemically. Purification of HI from mammalian sources other than human cells 
poses a safety hazard. The use of histone H 1 to promote the condensation of plasmid DNA for 
transfection is likely to reduce expression of the delivered gene because HI is part of a general 
repressor mechanism where the presence of excess histone HI leads to reduced transcription 
(Weintraub, H.[ 1985] cell, 705-71 1 ; Croston et al. [1991] Science 251,643). 

Nucleic acid condensing peptides of the invention, however, may include those portions 
of HI (sequence I, II or III below) which are identified herein as sequences which possess the 
ability to condense nucleic acid. Therefore, a nucleic acid condensing peptide of the invention can 
comprise a linear combination of the following three consensus sequences where the total 
sequence length is >17 residues: *A 
Sequence I: 

-K-K-X-P-K-K-Y-Z-B-P-A-J- 
where: K is Lysine, P is Proline; A is Alanine, X is Serine, Threonine or Proline; Y is Alanine, 
Proline, or Valine; Z is AJanine, Threonine, Lysine, or Proline; B is Lysine, Alanine, Threonine 
or Valine; and J is Alanine or Valine. 
Sequence II 

-X-K-S-P-A-K-A-K-A- 
where: X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Sequence HI 

-X-Y-V-K-P-K-A-A-K-Z-K-B- 
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where: X is Lysine or Arginine; Y is Alanine, Valine, or Threonine; Z is Proline, Alanine or 
Serine; B is Alanine, Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

Sequence IV is a consensus sequence from all human histone sequences: 
Sequence IV 

- A-B-C-D-E-F-G-H-I- J-K- 
where: A is preferably Lysine or Threonine, B is preferably Glycine or Glutamine; C is preferably 
Glycine, but can also be Aspartate, Glutamate, or Serine; D is preferably Glycine, but can also be 
Lysine, Valine, Glutamine, or Threonine; E is preferably Lysine or Alanine; F is preferably Alanine 
or Lysine, G is preferably Arginine, but can also be Valine or Isoleucine; H is preferably Alanine, 
but can also be Threonine, Histidine, or Proline; I is preferably Lysine, Arginine, or Glutamine; 
J is Alanine or Anginine; and K is preferably Lysine or Glutamine. A preferred consensus 
sequence is: 

-K-G-G-G-K-A-R-A-K-A-K-. 

NBC1 has the following structure: 
NH 2 -(SV40 NLS]-[Seq I]-[Seq II]-[Seq III]-[SV40 NLS]-[Seq I]-C-COOH 
where -C- is Cysteine;where the SV40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys-Val-Gin- 
(Dingwall and Laskey (1991) Trends Biochem. Sci. 16, 478). 

Therefore, another preferred nucleic acid condensing peptide of the invention will have 
an amino acid sequence that falls within the following generic sequence: 

NH 2 -X-(Y) n -C-COOH 

where X is either absent or Serine or Threonine; Y is sequence I, II, III or IV as defined above, 
n is 2-6; and C is Cysteine. 

Particularly preferred peptides are the following: 

NBC2 has the structure: NH r [Seq III]-[SV40 NLSl]-[Seq I]-C-COOH, 
where -C- is Cysteine. 

NBC8 has the structure: NH r [Con Seq I]-[Con Seq I]-C-COOH 
where -C- is Cysteine. 

NBC13 has the structure NH r [Seq I]-[Seq I]-[Seq I]-C-COOH 
where -C- is Cysteine. 

NBC10 has the structure: NH 2 -[Seq I]-[Seq I]-[Seq I]-[Seq I]-C-COOH 
where -C- is Cysteine. 
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Synthetic virus like particles prepared with NBC1 orNBC2 peptides are insoluble without 
salt at >10 ug/ml; therefore, these peptides are preferred where salt is present during particle 
formulation. Generally, if the particles are conformationally pure and the peptide/DNA 
interactions stable, then this salt effect is not observed (charged particles tend to repel each other). 
However, h is preferred according to the invention, as described in detail hereinbelow, that some 
salt be present during formulation of a synthetic virus like panic e of the invention. 

Sequences NBC8 - 10 are derived from part of NBC2 but lack the nuclear localization 
sequence and have a repeat motif (seq. I, II or III above) which has enabled us to look at the 
effect of peptide length on function. NBC8 has a double repeat of this sequence, NBC 13 a triple 
repeat and in NBC 10 the sequence is quadrupled. 

The sequences of NBC 1-10 are as follows. 

NBC1 NH2-PKKKRKVEKKSPKKAKKPAAKSPAKAKAKA.VKPK- 
AAKPKKPIOCKPJCVEKKSPKKAKKPAAC(Acm)-COOH 

NBC2 NH2-KPKAAKPKKPKKKRKVEKKSPKKAKKPAAC(Acm)-COOH 

NBC 4 NH2-KKAKSPAJCAKAKAVKPKAAKPKKSPKKAKKPAYAC(Acm)-COOH 

NBC5 NH2-KPKAAKPKXEVKRKKXPKKSPKKAKKPAAC(Acm)-COOH 

NBC6 H2-KAKAKAKPKAKAKAKPKAKAKAKPKAKAKAKPKAKAC(A<OT 

NBC7 NH2-TPJlAWRP^UCRRAAPJlCGVSAIUlAAPJlAWRRE-COOH 

NBC 8 NH2-KKSPKKAKKPAAKKSPKKAKKPAYC(Acm)-COOH 

NBC9 H2-TKKSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKPAAC(Acm)-COOH 

NBC 10 NH2-KKSPKKAKKPAAKKSPKKAKKPAAKKSP- 
KKAKKPAAKKSPKKAKKPAYC(Acm)-COOH 



25 



WO 96/41606 



PCT/GB96/01396 



NBC 1 1 NH2-TKKAWKKAEKK AAKKCG VS AKKAAKKA WKKA-CONH2 

NBC12 m-TXKSPKKAKKPAAKKSPKKAKKPAAK^ 

NBC 1 3 NH2-KKSPKKAKKP AAKKSPKKAKKP AAKKSPKKAKKP AYC( Acm>-COOH 

NBC 1 4 NH2-TKKKKKKKXKKKKKXKKK^ 

The syntheses of these peptides are described in detail in Examples 1 and 2. Other nucleic 
acid condensing peptides whose synthesis is not specifically described herein are synthesized 
essentially as described in the examples. 

6) Nucleic acid condensing peptides of the invention may contain one or more covalently 
linked functional groups 

As used herein, a "functional group" refers to a protein, peptide, lipid, or chemical group 
that is covalently linked to a DNA binding peptide, as defined herein, and which has a biological 
function with respect to particle stability in biological fluids, entry into a cell, or delivery of DNA 
to the cell nucleus, or integration into the chromosome. The covalent linkage may be a stable or 
labile linkage, as defined hereinbelow Where the functional group is a peptide, the covalent 
linkage may be a peptide bond, thus creating a fusion protein. 

Examples of functional groups useful according to the invention include but are not limited 

pi-©rx*. 4 v\ or 

to the following: a) a ligand, such as i) an antigeni^peptide, or ii) a targeting molecule having a 
cognate receptor on the surface of a target cell; b) a lipid; c) a neutral hydrophilic polymer; d) an 
endosomal disruption agent; e) an enzyme, and 0 an agent which promotes intracellular 
trafficking into the nucleus, and combinations thereof, 
a) Functional groups which are ligands 

A ligand will include an antigenic^peptide recognized by a cell as foreign (for example, a 
dendritic cell) and thus will promote uptake of the synthetic virus like particle by the cell. A 
ligand also may be a targeting molecule having a cognate receptor on the surface of a target cell. 
For example, including but not limited to antibodies; lectins; sugars such as monosacharrides or 
oligosacharrides, for example, mannose, galactose, fiicose, and sialic acid; transferrin; and 
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asialoglycoprotein. For example, antibodies which target cells include but are not limited to anti- 
integrins for targeting keratinocytes, anti-E-selectin for targeting endothelial cells, anti-CD2, CD4 
or CD8 for targeting Tcells, ami CD33 for targeting monocyte/macrophage/dendritic cell 
precusors, anti-HLA Class II (constant region) for targeting macrophages, Bcells and activated 
dendritic cells, anti-CD80, CD 19 or CD22 for targeting Bcells; and antibodies for targeting cancer 
cells include but are not limited to ami PEM (polymorphic epithelial mu in) for colon and breast 
cancers, anti CEA (carcinoembryonic antigen) colorectal tumors, ami MAGE for melanomas, and 
anti-EGFR-! (epidermal Growth factor receptor- 1) for lung and breast cancers. 

A targeting ligand useful according to the invention will recognize and bind with high (i.e., 
Ka=<10nM) and specific affinity a specific ligand on the target cell type. In practice, the most 
useful targeting ligands are monoclonal antibodies or a receptor molecule, such as insulin or 
epidermal growth factor, or alternatively the binding domain of a receptor binding molecule such 
as that of E-selectin. 

One type of targeting ligand useful according to the invention comprises the protein 
hormone insulin or a derivative of insulin to direct the synthetic virus like particle to cells 
expressing the insulin receptor, where the insulin or insulin derivative retains receptor binding 
properties when conjugated to a nucleic acid condensing peptide. The synthesis of insulin and 
insulin derivative conjugated peptides is described in Example 1, 6 and 7 f and the use of such 
peptides for targeted gene transfer to insulin receptor-bearing cells is described in Example 6. 

The efficiency of transfer of nucleic acid from the synthetic virus like particle to the target 
cell may be dependent on the density of the ligand^ in the synthetic virus like particle. 
Receptor-ligand interactions which trigger endocytosis usually involve initial oligomerization of 
the membrane bound receptor. Therefore, it is preferred that the synthetic virus-like particle 
described herein be used in an amount effective to allow for clustering of bound receptor at the 
cell surface. One way in which such clustering is achieved is to synthesize a peptide containing 
a clustered ligand, such as a clustered monoclonal antibody, as described in Example 6. 

The targeting ligand can also be a sugar residue coupled directly to the amino group of 
an amino acid of a nucleic acid condensing peptide or indirectly linked to the peptide, for example, 
through a PEG functional group. Syntheses and uses of such derivatives are described in 
Examples 1, 6, and 11. 

b) Functional groups of the invention also include lipids and thus, when conjugated to a 
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peptide of the invention, form lipid-derivatized nucleic acid condensing peptides. 

As used herein, the term "lipid" refers to a four - thirty carbon molecule that is insoluble 
in water and soluble in alcohol. The term includes fats, fatty oils, essential oils, waxes, sterols, 
cholesterols, phospholipid, glycolipins, sulfoiipins, aminolipins, chromolipins, and fatty acids. 
The nucleic acid condensing peptide can be specifically modified according to the invention by 
condensation with an lipid, for example, an activate d ester of a fatty acid. The fatty acid is ideally 
either palmitic acid, oleic acid, such as dioleoylphosphatidylethanolamine, myristic acid, or 
cholesterol, although other fatty acids, such as stearic acid, may also be employed. An example 
of the synthesis of N-paImitoyl-NBC2 (Lip 2) is provided in Example 1 and 7, and its use in gene 
transfer is described in Example 7. The effect of the presence of the lipid component on 
transfection efficiency of the synthetic vims-like panicle is dramatic (see results presented in Fig. 
17-23) leading to >40-fold increase in activity. The phenomenon is unrelated to the effect 
observed during DNA transfection using cationic lipids, where activity is proportional to the level 
of cationic lipid in the complex, in which the ligand density required for transfection is orders of 
magnitude higher (e.g., lOx-lOOx) than the ligand density required for gene transfer according to 
the present invention. 

Cholesterol refers to a lipid having the carbon ring structure shown in Example 1 and also 
includes derivatives having attached groups. 

One advantage conferred by the presence of lipidated peptides in the particle or the 
particle formulation is resistance of the particle to degradation. The presence of lipidated peptide 
in the particle formulation confers higher resistance to inactivation by human plasma. 
Experiments presented in Example 7 show that the presence of lipidated peptide in the particle 
formulation increases the relative level of transfection after exposure of the synthetic virus like 
particle to various levels of human plasma in the transfection medium (Fig. 23). 

c) A functional group which is a neutral hydrophilic polymer. 

Little is known about the solvation and stabilization of polycation-nucleic acid complexes 
and most of the literature to date has been focused on the importance of electrostatic interactions 
and the nature and concentration of the counter ion (e.g. Garcia-Ramirez ei al (1994) 
Biopolymers 34, 285-292; Mistra and Honig (1995) Proc. Natl. Acad. Sci. U.S.A. 92, 4691). In 
the case of proteins, the theory of how solvation and solvent additives influence the stability of 
protein structures is well advanced (reviewed Arakawa et al (1993) 1-28; TimashefF(1992) in 
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Stability of Protein Pharmaceuticals Part B, pp 265-285). The theory of the action of these 
stabilizing additives is that stabilization is brought about by the thermodynamically unfavorable 
interaction of the protein and solvent additive. This tendency of the protein surface to repel the 
stabilizing additive from the immediate vicinity of that surface is a phenomenon called selective 
hydration or negative binding. That is, the concentration of this additive near the protein surface 
is much lower than in the bulk solvent. Thus, when proteins are denatured or unfolded, the 
surface area of the polypeptide that is in contact with the solvent increases enormously. Because 
the preferential exclusion of the solvent additive from the solvent layer in contact with the protein 
is clearly proportional to surface area, the native compact state will be favored over the denatured 
(extended) state as less solvent additive will have to be preferentially excluded from the native 
state. Compounds which have this effect are those which typically do not have strong polar or 
ionic interactions with the protein, do not have strong hydrogen bonding functionalities and have 
a tendency to repel non-polar molecules Such compounds are poiyols, such as sugars, glycerol 
and hydrophilic polymers such as polyetheylene glycol, methyl cellulose, poly vinyl alcohol, 
polyvinylpyrrolidine, hydroxy propyl cellulose, pullulans, polyoxamers, polyoxamines, 
polysorbates, and poly (2-hydroxy propyl) methacrylamide. 

Much of the work in the literature on condensation of nucleic acids has focused on the 
influence of ionic strength on aggregation and size (Garcia Ramierez ibid, Ferkol, WO 95/25809). 
The degree of condensation achieved by mixing cations and DNA in the presence of salt generally 
do not approach the degree of condensation found in natural chromatin. We hypothesized that 
increased DNA condensation could be achieved by applying the principles of protein structural 
stabilization to cation-DNA interactions That is, when multivalent cations neutralize the high 
negative charge density of the DNA, the forces of electrostatic repulsion which ensure the DNA 
helix is extended disappear and the DNA structure collapses (condensation) as hydrophobic 
interactions between segments of complexed helix predominate. Given the length and rigidity of 
the DNA helix, there will still be forces which will increase the packing density of the DNA in the 
collapsed state. 

We hypothesized that the use of co-solvents which are excluded from the surface of 
hydrophobic surfaces, such as hydrophilic polymers (polyethylene glycol [PEG], pluronic poiyols, 
polyvinyl alcohol, polyvinylpyrrolidine) should lead to higher levels of nucleic acid compaction, 
lower aggregation, more stable formulations, and thus smaller overall size of the particle. This 
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has been observed experimentally. 

As used herein, the term "neutral hydrophilic polymer" includes those polmeric molecules 
which act as co-solvents with peptides of the invention, including polyols, such as sugars, 
glycerol and hydrophilic polymers such as polyetheylene glycol, methyl cellulose, poly vinyl 
alcohol and poly- vinylpyrrolidine, hydroxy propyl cellulose, pullulans, polyoxamers, 
polyoxamines, polysorbates, and poly (2-hydroxyl propyl) methacrylamidvj. Such polymeric 
molecules will fall within the molecular weight range 1000 - 100,000; preferably within the 
molecular weight range 1000 - 50,000; and most preferably within the range 5000 - 10,000. 

A "neutral hydrophilic polymer" is used herein as in two forms. That is, a neutral 
hydrophilic polymer may be used according to the invention as a functional group which is, 
directly or indirectly, covalently linked to a peptide useful in the invention, or it may be used as 
a co-solvent during formulation of a synthetic virus like particle (see below). Without being 
bound to any one theory, it is believed that either use of a neutral hydrophilic polymer according 
to the invention results in better nucleic acid compaction, smaller overall size, and greater stability 
of the synthetic virus like panicle, and thus produces better transfection efficiency of the particle 
with respect to target cells. 

A neutral hydrophilic polymer may be linked to a peptide, and thus presented as a 
functional group, as described in detail in the Examples 

d) A functional group which is an endosomal disruption agent. 

A functional group useful according to the invention includes a ligand which serves to 
promote uptake of the synthetic virus like panicle by a cell. Many peptide molecules are known 
in the art which have the ability to promote uptake of a molecule into the cell, e.g., by disrupting 
membrane structure. The most useful of such peptides for synthetic virus like particles are those 
which undergo a pH dependent conformational change, such as the HA peptide from the influenza 
virus. The structure and synthesis of such a peptide is provided in Example 8. 

Additional fusogenic peptides useful according to the invention are as follows. The 
fusogenic peptide from Sendai Virus has the amino acid sequence: 
H-Phe-Phe-Gly-Ala-Val-Ile^ly-^ 

Ile-Ala-Leu-Ala-Glu-Ala-Arg-Glu-Ala-Lys-Arg-OH (D. Rapaport and Y. Shai, J. Biol. Chem. 
1994,265,15124-15131). The fusogenic peptide sequence from HIV gp41 protein: 
H-Ala-Vd-ay-Be-Gly-Ala-1^ 
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Arg-Ser-OH (M. Rafalaski, J.D. Lear and W.F. DeGrado, Biochemistry 1990,29,7917-7922). 
The fusogenic peptide sequence from Paradaxin: 
H-Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-Ile-Ile-Ser-Ser-Pro^^ 

Leu-Ser-Ser-Ser-Gly-Gly-Gln-Glu-OH (D. Rapaport, G.R. Hague, Y. Pouny and Y. Shai, 
Biochemistry 1993,52,3291-3297). The fusogenic peptide sequence from Melittin: ^ 
H-Gly-Ile-GIy-Ala-Val-Leu-Lys-Va^ 

Arg-Lys-Arg-Gln-Gln-NH 2 (C.R. Dawson et al., Biochem. Biophys. Acta: 1978,5/0,75). 

A mechanism by which a fusogenic peptide is believed to promote uptake of a synthetic 
virus like particle by the cell is as follows. At neutral pH the peptides have a random structure 
and little or no interaction with the cell membrane. The peptides enter the endosomal 
compartment by diffusion or preferably by being carried in as part of the virus like particle. As 
the pH of the endosome drops, the HA peptide forms an a-helical structure or aggregates thereof 
and these insert into the endosomal membrane and disrupt its integrity. 

e) A functional group according to the invention may be an enzyme. 

As used herein, an enzyme is defined as a molecule which, when covalently linked to a 
nucleic acid condensing peptide of the invention, is capable of effecting a biological activity 
involving breakage and reformation of a covalent bond. Examples of such functional groups 
include a recombinase or an integrase, both of which promote recombination of the recombinant 
DNA with cellular DNA, or an intracellular trafficking enzyme, or reporter enzyme such as 
horseradish peroxidase, as described in Example 9. 

f) A functional group according to the invention may be a nuclear localization sequence. 
Nuclear localization sequences useful in the invention include sequences which resemble 

the short basic NLS of the SV40 T antigen described hereinabove; the bipartite NLS of 
nucleoplasmin; the ribonucleoprotein sequence Al, the small nuclear ribonucleoprotein sequence 
U1A, and human T-lymphotrophic virus- 1 Tax protein; the HIV matrix protein NLS; and the 
nuclear translocation components importin/hSRPl and Ran/TC4. Of particular use in the 
invention is a nuclear localization consensus sequence KXX(K/R) flanked by Pro or Ala (Roberts 
(1989) Biochem. Biophys. Acta. 1008 . 263, herein incorporated by reference), or the nuclear 
localization sequence of nucleoplasmin (Dingwall and Laskey, Trends in Biotech. 16, 478 (1991), 
or the NLS from antennapedia (Derossi et al., Jour. Biol. Chem. 269, 10444 (1994)). 

The invention thus also encompasses a nucleic acid condensing peptide which is linked to 
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a non-basic nuclear localization sequence whose natural function is the transport of nucleoprotein. 
Such sequences are known in viruses, e.g.,influenza nucleoprotein(Davey et al. Cell 40, 667 
(1985)), HIV MA protein (Gallay et al., Cell 80, 379 (1995) . Nucleoprotein transport sequences 
also occur in proteins which transport ribonucleoprotein complexes, e.g., hnRNP Al protein 
(Siomi and Dreyfuss J. Cell. Biol. 129, 551 (1995)) . The synthesis of a nucleic acid condensing 
peptide (NBC2) linked to the M9 nuclear localization sequence of hnRNP Al is described in 
Example 10. 

A nuclear localization sequence may be covalently linked to a nucleic acid condensing 
peptide of the invention as a functional group, or it may be present within the sequence of the 
nucleic acid condensing protein via peptide bond linkage as a fusion peptide. 

Nucleic acid condensing sequences especially useful in the invention comprise not only a 
nucleic acid condensing domain, but also a nuclear localization sequence which directs transport 
of the vehicle to the nucleus. Examples of such nucleic acid condensing peptides are NBC1 and 
NBC2, described herein, which include the SV40 T antigen nuclear localization sequence within 
the peptide sequence, as shown in Examples 1 and 2. Example 10 shows that higher transfection 
activity is associated with use of NBC2 as a condensing peptide over NBC5. NBC5 has the same 
structure as NBC2 except that the NLS has been inactivated by reversing the amino acid sequence 
of this part of the sequence. It is within the scope of the invention to combine peptides having 
different sequences, e.g., NBC2 (containing a nuclear localization sequence) and NBC9 (no 
nuclear localization sequence). 



Linkage of Functional Group to Nucleic acid condensing Peptide. 

A nucleic acid condensing peptide of the invention which is conjugated to a functional 
group may be so conjugated via a bond which is stable enough to allow association of the peptide 
and the functional group to the cell surface and into the cell, if desired. 
The following types of linkages are contemplated according to the invention. 

1 . Stable Linkages 

When bond stability is not an important variable (e.g. polymerization of the basic polymer 
unit) then a stable linkage is preferred. Preferred stable bonds are amide, thioether and oxime, 
P-C=N-0-NBC Oxime 
P-S-CH 2 -NBC Thioether 
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Thioether 



R'(R")C-NH-NBC Amide 

P is z ny of the above-listed functional groups, and NBC refers to a nucleic acid condensing 
peptide. The synthesis of thioether linked components is provided in Example 6. Amide linkages 
may be formed by reduction of Schiff base bonds formed by reaction of aldehydes and amino 
compounds. An example of this synthesis is given in Example 6. 

2. Acid Labile Linkages 

After endocytosis, neither the functional group nor the fiisogenic peptide need remain 
bound to the synthetic virus like particle. Upon entry of the particle into the cell, the newly formed 
endocytotic vesicle rapidly acidifies and incorporation of pH labile bonds in the structure can be 
used to shed these components from the panicle. The preferred pH labile linkage is the unreduced 
hydrazone bond. Hydrazone bonds are readily synthesized by the reaction of aldehydes with 
substituted hydrazides. 

P-CH=NNH-NBC Hydrazone 

The synthesis of such structures is provided in Examples 6 and 8 The synthesis of a 
protease-cleavable acid labile linkage is described in Example 8 

3. Reducible Linkages ^ 

The cytosol of mammalian cells is kept under net reducing conditions by the synthesis of 
reduced glutathione. Disulfide bridges, therefore, are cleaved upon absorption of molecules into 
the cytosol. This linkage is therefore useful for the coupling of peptides to the synthetic virus like 
particle whose function is not necessary after the particle has entered the cell (for example, a 
targeting protein or a fiisogenic peptide). Disulfide linkages are readily synthesized by employing 
thiol residues activated with the 2-pyridyl group (Carlsson et aL, Biochem. J. 173 . 723-737 
(1978)). 

P-S-S-NBC Disulfide Linkage 

Examples of the synthesis of such compounds are provided in Examples 6 and 8. 
Linear or Branched Chain Polymers 
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The synthetic virus particle may comprise either a linear or branch chain polymer described 
in general terms by the formulae: 
LINEAR POLYMER: [P b ] 

L 

NH 2 -(X t )CONH(Y)COR' 
BRANCHED POLYMER: 

NH 2 -(X,[L.P b ] n CO[NH(Y) 

CHCO] m NHCH 2 (Y)COR I 

NH 2 -(Xa[L-P b ] n CO[NH(Y) 
Where: 

P is a protein or peptide or other chemical substance and b is 1-20, where P belongs to one 
of the following groups: 

( 1 ) A targeting protein or peptide which specifically interacts with a structure on the surface 
of the target cell. 

(2) (1) above in combination with (i.e., conjugated to) a protein, peptide or other chemical 
substance which facilitates the penetration of membrane structure (plasma, endosome or 
nuclear) or interacts with cellular components to enhance transport to the nucleus. 

(3) (1) above in combination with (i.e., conjugated to) a lipid derivative with or without the 
agent described in (2) above. 

(4) (1), (2) or (3) above in combination with a protein, peptide or other chemical substance 
which enhances the expression of the delivered genetic material such as an integrase or 
recombinase enzyme or other enzymatic function which enhancestransport of the complex 
to the nucleus or aids integration of DNA 

X, is a nucleic acid binding component comprising an amino acid sequence or other 
biological sequence containing monomer units which are capable of binding to nucleic acid, and 
preferably containing at least one nuclear localization sequence, where a is 1-5; 

L is a linker sequence comprising an amide, hydrazone,reduced hydrazone, disulfide, 
thioether or disulfide bond. The linker sequence may be a lipid or polyethylene glycol. 

Y is (-CHj),, where t is 1 -6, and preferably 1-5; 

R ! is -OH, -NH 2 or 0(CH 2 ) fl CH 3 where n = 0, 1-3, 

wherein, in the branched polymer, the second chain containing a P group can be the same 
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as or different from the first chain. 

Characteristics of Synthetic Virus Like Particles of the Invention. 
1) Overall Charge 

Synthetic virus like particles of the invention will possess an overall (net) charge as 
follows. Synthetic virus like particles which are designed so as to target a particular cell type, and 
therefore contain a targeting ligand, will possess an overall charge in the range of 0.5 - 3.0, more 
particularly in the range of 0.5 - 2.0, and optimally in the range of 0.8 - 1 .2. Particles which do 
not target a particular cell type, but are designed so as to transfect a broad range of cell types will 
possess an overall charge in the range of 0.5 - 5.0, more particularly in the range of 1 .0 - 3.0, and 
optimally in the range of 1 .3 - 3 .0. 

The overall charge (i.e., the balance of positive and negative charge species) of the 
synthetic virus like particle are determined as follows. The number of moles of phosphate 
residues present in the nucleic acid component of the particle is estimated based on the amount 
of DNA to be used in the condensation reaction 

nM Phosphate in Condensation Reaction = (^g DNA/0.62) x 2 
(Assumes average molecular weight of one base pair = 620.) 

The number of moles of positively charged groups of each peptide is calculated based on 
the mass of the condensation peptides and conjugates to be added to the DNA: 

^ nM Positively Charged Groups = (tug Peptide/Molecular Weight x 10-3) x No. of Positive 
Charges in Sequence. 

The Charge Ratio is then: 

= £ ("M Positively Charged Groups) n / nM Phosphate 
where n is each constituent peptide in the condensation reaction. 

The nucleic acid condensing activity of peptides having different charges and the 
transfection efficiencies of synthetic virus like particles having different charge ratios are presented 
in Example 4. Transfection efficiencies of particles containing varying amounts of ratios of 
positively/negatively charged residues are presented in Example 7. Highly efficient transfection 
may be obtained using particles of the invention which do not contain a targeting Hgand and are 
therefore untargeted with respect to a specific cell type. Such particles are highly efficient with 
respect to transfection where the ratio of positive/negative charges is greater than 1.25. 
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2) Overall Size 

It is preferred according to the invention that the size of a virus like particle fall within the 
range of 5nm to 500nm. It has been found that the efficiency of uptake of the particle by a cell 
dramatically decreases when the particle size is greater than SOOnm. This is likely due to the size 
of the endosomal pores in a given cell type. Particle size is measured by lasar light scattering or 
atomic force microscopy, or electron microscopy. Therefore, the size of a particle of the 
invention will vary depending upon the cell type and the size of endosomal pores in a given cell 
type. 

3) Ratio of nucleic acid condensing peptides/nucleic acid molecules. 

A synthetic virus like particle according to the invention will have a ratio of the number 
of peptide/the number of nucleic acid molecules in a particle that is within the range of 10/1 to 
1,000,000/1. This ratio will depend upon the relative sizes of the peptide and nucleic acid 
molecules, the degree of condensing activity of the peptide, and the degree of condensation that 
the nucleic acid attains. More particularly, the range will be 100/1 -10,000/1 . For example, for 
NBC2 in combination with an 8kb vector, a useful ratio for untargeted delivery of the vector to 
cells is approximately 5000:1 (relative numbers of molecules). For NBC2 conjugated to insulin 
in combination with an 8kb vector, a useful ratio for targeted delivery of the vector to cells is 
approximately 1000:1. Where the nucleic acid is an oligonucleotide of, e.g., 10-50 nucleotides 
in length, the ratio of peptide/oligonucleotide is in the range of 0.1-10.0 and is preferably 0.5-1 .0. 

Formulation of Synthetic Virus Like Particles of the Invention. 
1) Particle Preparation. 

A synthetic virus like particle of the invention is formulated such that the nucleic acid and 
the peptide preparation are prepared in equal volumes of the same buffer. The nucleic acid is 
agitated while the condensing peptide preparation is added at the rate of 0.1 volume per minute. 
The complex is left at room temperature for at least 30 minutes prior to addition to the target cells 
and can be stored at 4°C The particle is centrifuged to remove any aggregated material and then 
assayed for gene transfer. 

For use as a pharmaceutical reagent, it is preferred that the nucleic acid/peptide complex, 
after it is left at room temperature for 30 minutes, is filtered through a sterile 0.2^ filter, e.g., a 
hydrophilic nylon membrane filter. Filtration of synthetic virus-like particles described herein does 
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not significantly reduce yield, and in fact often results in 100% recovery of the particles. 

For efficient nucleic acid transfer to a target cell, it is critical that particles of the invention 
contain highly condensed nucleic acid. The condensing properties of nucleic acid condensing 
peptides useful in the invention are disclosed in detail herein. In order to assess whether nucleic 
acid condensation has occurred to a degree sufficient to allow for efficient gene transfer, a gel 
retardation assay may be performed which assesses the ability of the peptides present in the 
particle to condense nucleic acid. The gel retardation assay is performed as follows. 

(i) Conjugates or peptides are assayed for their ability to condense DNA using the 
following method: 

A concentration of nucleic acid is selected, for example 20, 30, or 40 Mg/ml and possibly 
50, 60, 70, or 100 /ig/ml, and prepared in a low salt buffer, e.g., 150 mM NaCl. 

In one embodiment, the required amount of DNA is made up to 20 /ig/ml in 150 mM 
NaCI, 25 mM HEPES, pH 7.4, or in 0.6 M NaCl; 25 mM HEPES, pH 7.4 and aliquoted between 
wells on a multiwell plate. The amount of conjugate or peptide required to give positive 
charge: phosphate ratios of between 0. 1 and 5.0 is calculated. This is made up to an equal volume 
to the DNA aliquots (0.05-0.5 ml) in either 150 mM sodium chloride; 25 mM HEPES, pH 7.4 or 
0.6 M sodium chloride; 25 mM HEPES, pH 7 4. The plate containing the DNA is placed on a 
plate shaker and shaken while the conjugate or peptide is added at a rate of 0.1 volume per 
minute. After addition of the condensing peptide is complete, the solution is incubated at room 
temperature for afl least 30 minutes A sample for each positive charge: phosphate ratio is 
subjected to electrophoresis on an agarose gei The gel is stained with ethidium bromide and 
visualized under UV light. Condensed DNA remains in the well of the gel and does not migrate 
in the electric field. 

The ability of free NBC2 peptide and monoclonal antibody-NBC peptide conjugates to 
condense nucleic acid is described in Example 4. 

(ii) Transfection Efficiency of Synthetic Virus Like Particles of the Invention. 
Synthetic virus like particles are assayed for their ability to transfer genes into peripheral 

blood cells. For studies aimed at determining transfection efficiency, the plasmid DNA contains 
a marker gene for firefly luciferase. For pharmaceutical applications, the plasmid contains a gene 
whose expression will have a beneficial therapeutic effect. The particle is incubated with the blood 
cells and the mixture may be subject to electroporation if desired. After a further incubation, the 
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cells are lysed and are assayed for gene expression. In the case of the luciferase reporter, luciferin 
and ATP are added to lysed cells and the light emitted is measured with a luminometer. 

Cells are harvested on the day of assay by centrifiigation at 1200 rpm for 5 min at room 
temperature. The cell pellet is resuspended in phosphate buffered saline and re-centrifiiged. This 
operation is performed twice. The cell pellet is then suspended in RPMI 1640 (Gibco Ltd.) to 
make up a suspension c :'2.7 X 10 6 cells per ml. The cells are then aliquoted into tubes and 0.75 
ml of RPMI medium added, followed by 0.04-0.08 mi of 1 mM fiisogenic peptide or more 
preferably 100 mM chloroquine and finally 0.25 ml of DNA-complex solution. The transfection 
is then allowed to proceed by incubating the cells at 37°C for 4 h. After this time, the cells are 
harvested by centrifugation at 2000 rpm. The cells are then suspended in 1 ml of RPMI and 
re-centrifuged. Finally, the cells are suspended in 0.5 ml RPMI containing 10% foetal bovine 
serum. At this stage, if necessary, the cells are electroporated at 300 V and 250 mF using 
conventional elect roporation. 

Each 0.5 ml of transfected cell suspension is transferred to a well of a 12 well plastic 
culture plate containing 1 .5 ml of RPMI 1 0% FBS. The original transfection tube is rinsed with 
a further 1 ml of medium and the wash transferred to the culture dish making a final volume of 

3 ml. The culture plate is then incubated at 37°C for 24-72 h in an atmosphere of 5% C0 2 . The 
contents of each well in the culture dish are transferred to centrifuge tubes and the cells collected 
by centrifugation at 13,000 rpm. The pellet is resuspended in 0.12 ml of Lysis Buffer (100 mM 
sodium phosphate, pH 7.8, 8 mM MgCl^ 1 mM EDTA, 1% Triton X-100 and 15% glycerol) and 
agitated with a pipette. The lysate is centrifijged at 13,000 rpm for 1 minute and the supernatant 
collected. 80 v\ of the supernatant are transferred to a luminometer tube. The luciferase activity 
is then assayed using a Berthold Lumat L9501 luminometer. The assay buffer used is Lysis buffer 
containing 10 mM Luciferin and 100 mM ATP. Light produced by the luciferase is integrated over 

4 sec and is described as relative light units (RLU) The data are convened to RLU/ml of lysate, 
RLU/cell or RLU/mg protein (protein concentration of the lysate having been determined in this 
case by the BioRAD Lowry assay. 

Transfection efficiencies of various synthetic virus like particles of the invention into 
different cell lines are described in Examples 5, 6, 7, 9, 10, 13, and 15. 

2) Stoichiometiy of Particle Formation: Formulation of Particles Containing a Preselected 
Ratio of Functional Groups. 
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Where a synthetic virus like particle contains nucleic acid in combination with two 
different condensing peptide preparations, for example, a first peptide preparation having a 
targeting iigand conjugated thereto and a second peptide preparation having a endosomal 
disruption peptide conjugated thereto, the particle is formulated by incubating the three 
components together, at a selected ratio, for 30 minutes to 24 hours at room temperature. The 
ratio of the components is selected depending upon the ratio of functional groups (in this example, 
the ratio of targeting ligand/endosomal disruption peptide) desired in the particle. Thus, where 
it has been determined that a given ratio of functional groups is especially effective for transfection 
of a given cell type, the ratio of groups present in the virus like particle may be preselected based 
on stoichiometric addition to the formulation of peptides containing the functional groups. 

For example, where a selected functional group is a lipid, the amount of lipid present in 
the particle can be varied via stoichiometric addition of a lipid-conjugated peptide to the particle 
formulation. 

It will be appreciated according to the invention that the stoichiometry of particle 
formulation may be varied by combining peptide preparations wherein one or more functional 
groups are present on a single peptide or where a single functional group is present on a single 
peptide. Thus, in the former case, a peptide preparation may be added to a particle forming 
mixture which delivers a ratio of 1/1 of the two functional groups present on the single peptide, 
or which delivers a ratio of 1/1/1 or 1/2/1 (etc.) of three functional groups present on a single 
peptide. In addition, a second preparation may be added to the particle forming mixture which 
delivers a second ratio of, e.g., third/fourth/fifth functional groups to the mixture The skilled 
artisan will have preselected the relative ratios of these functional groups. 

Alternatively, in the latter case, where each peptide contains a single functional group, the 
amount of each peptide added to the particle forming mixture will determine the stoichiometry 
of addition of the functional group that is conjugated to the peptide. 

Alternatively, the DNA may be condensed with a selected stoichiometry of condensing 
peptide, incubated for about 30 min, and then a second peptide containing a functional group is 
incubated with the condensed complex. 

3) Formulation of Synthetic Virus Like Particles of the Invention with a Neutral 
Hydrophilic Polymer. 

Synthetic Virus-like Particles of the invention may be treated with a neutral hydrophilic 
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polymer in order to form a more stable, smaller particle, and to increase transfection efficiency. 
Such polymeric molecules will fall within the molecular weight range 1000 - 100,000; preferably 
within the molecular weight range 1000 - 50,000; and most preferably within the range 5000 - 
10,000. Such molecules are most useful according to the invention in a concentration in a given 
formulation within the range 0.5% - 10.0%; preferably within the range 0.5% - 5.5%; and most 
preferably within the range of 1% - 2%. 

A neutral hydrophilic polymer is used in this aspect of the invention according to the 
following procedure for formulating a synthetic virus like particle. 

A synthetic virus like panicle is prepared by combining a selected condensing peptide with 
a selected amount of neutral hydrophilic polymer. If desired, a physiological (i.e., isotonic) level 
(e.g., 0. 1 5M) of salt is included at this step of the formulation. Nucleic acid is then added to the 
mixture, and the combination allowed to incubate at room temperature for at least 1 hour. The 
virus like particles will have assembled during this time. However, if desired, the mixture may be 
incubated for as long as 24-48 hours, or stored at a cool temperature (4C) overnight. 

The amount of neutral hydrophilic polymer and salt added to the mixture during particle 
formulation may be determined as described in Example 12, and also using guidance provided in 
examples 5, 7 t 13 and 15, and generally as follows. 

The particles may be prepared by combining 2 ng condensing peptide per *ig DNA, at a 
DNA concentration of 100 ng/ml Different concentrations of neutral hydrophilic polymer are 
chosen for testing, each at a selected salt concentration. For example, the concentrations of 
neutral hydrophilic polymer to be tested may be on the order of 0.5%, 1.0%, 1.5%, 2.0%, 4.0% 
and 5.0%, and the selected salt concentrations may be 0.2M, 0.4M, 0.6M, 0.8M and 1 .0M. First, 
the peptide is combined with the neutral hydrophilic polymer and salt in 100 pi of 25 mM HEPES 
buffer pH 7.4. 10 jig nucleic aicd is added in a small volume (several |il). The particles are 
allowed to form at room temperature for 1 hour before being stored at 4°C overnight and used 
for bioassay the following day. A preferred neutral hydrophilic polymer according to the 

invention is PEG, at a preferred concentration of 1-2%. A preferred salt is sodium chloride at a 
preferred concentration of approximately 0.4M 

The amount of nucleic acid and salt to be used in particle formulation may be determined 
as follows. Several different concentrations of nucleic acid are selected, for example, DNA 
concentrations (100 pg/ml, 250 pg/ml, 500 jig/ml, 750 pg/ml and 1000 ng/ml), each at different 
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salt concentrations (for example, 0.4M, 0.6M and 0.8M NaCl). Briefly, 20 ng of peptide is 
mixed with a neutral hydrophilic polymer, for example, 2% PEG 8000, and the selected salt 
concentration in 25mM HEPES pH 7.4 The concentration of peptide is such as to allow for a 
final peptide concentration of 200, 500, 1000, 1500, or 2000 ng/ml after addition of DNA and 

peptide. 10 jig DNA is then added to each mixture and mixed well. If desired, additional 

peptide, for example, in Hpidated form, is added to the mixture. The mixtures are then left at 

room temperature for 1 hour before being stored at 4°C overnight. The particles are then assayed 

for transfection efficiency the following day. 

At a salt concentration of 0.4M, the preferred nucleic acid concentration for particle 

assembly is 100 ng/ml or less. At higher concentrations of nucleic acid, 0.6M NaCl is optimal. 

The transfection efficiency of particles of the invention decreases above 500 ng/ml DNA during 

particle formulation. 

The neutral hydrophilic polymer (e.g., Polyethylene glycol (PEG, mw range 2000-15,000)) 
may be present at a concentration range of 1-10% (w/v) either (1) during formation of the 
synthetic virus like particle or (2) after formation of the particle and during dilution of the particle 
into transfection medium. The efficiency of transfection was found to be significantly increased 
by the presence of the neutral hydrophilic polymer. 

In Examples 5, 7, 12, 13 and 15, experimental results are presented showing transfection 
efficiencies of mammalian cells using a synthetic virus like particle formulation preparation 
containing a neutral hydrophilic polymer. 

4) Formulation of Synthetic Virus Like Particles of the Invention in the Presence of Agents 
which Facilitate Endosomal Disruption 

It has been found that increased transfection efficiency is obtained where the synthetic 
virus like particle is formulated in the presence of endosomal disruption agents, for example, free 
fusoger : peptide or chloroquine. 

The efficiency of transfection using a synthetic virus like particle of the invention is 
dramatically higher when transfection occurs in the presence of an agent which perturbs endosome 
function. One such potent agent is the anti-malarial drug chloroquine. The action of chloroquine 
can be amplified by pre-incubation of the synthetic virus like particles in a solution containing 
chloroquine prior to treatment of the cells (presumably by adsorption of this lipophilic molecule 
to the hydrophobic surface of the synthetic virus like particle). 
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Increased transfection efficiency is observed when synthetic virus like particles prepared 
in the presence of lipidated peptide are pre-incubated with chloroquine before exposure to target 
cells. Transfection efficiency may be further increased by increasing binding of chloroquine via 
elevation of the level of lipophilic substituents in the synthetic virus like particle. The range of 
preincubation concentrations useful according to the invention are geners'ly from 10 jiM to 
70mM. At the higher dosage, the maximum amount of chloroquine administered with the 
synthetic virus like particle in vivo should not exceed 3.5 mg/kg body weight. For ex vivo 
applications, the final concentration of chloroquine after dilution from the formulation is in the 
range of 50-200 AiM. 

It has also been found that transfection efficiency is increased by extending the time period 
to which the target cells are exposed to the synthetic virus like particle in the presence of 
chloroquine. This time period may be from 2 hours to as much as 24-48 hours, with the longer 
incubation times resulting in increased transfection efficiency in the presence of chloroquine. 

In Example 17, experiments are presented which demonstrated increased transfection 
efficiency using a synthetic virus like panicle prepared according to a novel procedure which 
includes preincubation of the synthetic virus like particle with chloroquine. 

5) High Salt Formulation of Synthetic Virus Like Particles of the Invention. 

It has been discovered that increased transfection efficiency is obtained using a synthetic 
virus like panicle which is prepared according to a novel procedure which includes the use of a 
high salt formulation. "High" salt is defined herein as being within the range of 0.5-1. 0M salt; 
"low" salt is defined as being in the range of 0.1-0.2M salt. This procedure is as follows. 

Nucleic acid is made up to 90-120 ng/ml in 25 mM HEPES buffer containing 0.6-1.0M 
sodium chloride. Nucleic acid condensing peptide is made up to an equivalent molarity in sodium 
chloride and the condensing peptide solution added to the nucleic acid solution with rapid 
agitation at a rate of 0. 1 vol/min The mixture is then left for at least 30 minutes at 20° C and then 
incubated for l-16h at 4° C prior to dilution to a concentration of 5 pg/ml nucleic acid in RPMI 
medium (optionally containing albumin lmg/ml, transferrin 50 ng/ml) and containing the 
endosome escape agents, fiisogenic peptide (20-100 \iM) or chloroquine (100-200 jiM ). 

For particle formulation which provides particles that are stable (with respect to shelf life, 
as described in Example 13), and have high efficiency of transfection, as demonstrated in Example 
15, it is particularly advantageous to prepare the particles by condensing the nucleic acid in high 
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salt (hypertonic) as described above, and then diluting this mixture in a low salt (isotonic) 
concentration (e.g., 0.1 5M) and adding a neutral hydrophilic polymer such as PEG. 

6) High Salt Formulation of Synthetic Virus Like Particles of the Invention Containing 
Lipidated Peptides. 

Transfection of mammalian cells using a synthetic virus like particle in which a lipidated 
nucleic acid condensing peptide is present, which particle was prepared according to a novel 
procedure which includes the use of a high salt formulation, as follows. 

Lipidated peptides useful according to the invention cannot be incorporated in the initial 
high salt formulation solutions described above when the DNA concentration is above about 250- 
300 pg/ml. For example, when this was attempted using lipidated NBC2 (Lip2) at a DNA 
concentration of 400 ^g/ml, the synthetic virus like particles produced exhibit minimal biological 
activity. Therefore, where a lipidated peptide is used in the synthetic virus like particle, the 
particles must be formulated such that they retain biological activity. High salt formulation of 
such panicles is performed as follows 

Lipidated peptides are incorporated into the RPMI dilution medium at a concentration of 
0-2 pg/jig DNA, (absolute concentration 0-10 jig/ml) and the solution incubated for at least 30 
minutes at 37° C prior to transfection Alternatively, the synthetic virus like particle is formulated 
in high salt, as described above, and the synthetic virus like panicle incubated overnight at 4°C 
before the lipidated peptide is added to the synthetic virus like panicle from stock solution of 
lmg/ml lipidated peptide in 25 mM Hepes buffer containing 0.15 M sodium chloride. 
Transfection efficiencies of panicles containing lipidated peptides, which panicles are formulated 
in high salt, are described in Example 7 

EXEMPLIFICATION 
Nucleic acid condensing peptides of the invention are synthesized so as to achieve a high 
degree of homogeneity in the peptide preparation, both in terms of the polydispersion index and 
the addition of functional groups. For example, where a peptide preparation consists of a selected 
amino acid sequence, care is taken during synthesis to ensure homogeneity of the heteropeptide 
sequence by ensuring complete coupling to the growing peptide chain. Homogeneity of the 
peptide preparation also is ensured by protecting potentially reactive amino acid side chains in the 
growing peptide. 
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Example 1 
Nomenclature 



I Nucleic Acid Binriinp (NBC) P^p i./W 



NBC1 



NBC2 



NUC5 



NBCA 



NBC7 



NBC8 



NBC9 



NBC10 



AAKPKKPKKKKKVEKKS PKKAKKPAAC ( Acm) -COOH 



NH : -KPKAAKPKKPKKKRXVinacSPKKAKKPAAC (Acm) -COOH 
NBC4 NH 2 -KKAK S PAKAKAKAVKPKAAKPK^PKKAKKPA Y AC(A a n) -COOH 

ra 3 -KPiyuo^KKEVKRKKKPKKSPKKAKKPAAC (Acm) -COOH 
NH 3 "KM^AKAKPKAKAKAKPKAKAKAKPKAKAKAKPKAKAC ( Acm) -COOH 
NH, -TRRAWRRAKIlRAARRCGVSARKAARRAVmRE-COOH 
raj-KKSPKKAKKPAAKKSPKKAKKPAYC (Acm) -COOH 
NH 2 -TKKSPKKAKKPAAXKS PKKAKKPAAKKSPKKAKKPAAC (Acm) -COOH 



ira a -Kl^PKKAKia?AAKKSPKKAKKPAAKKSP- 
KXAKKPAAKKSPKKAKKPAYC (Acm) -COOH 



N B C 1 1 nh 2 -TKKAWKKAEKKAAKKCGVSAKKAAKKAWKKA-CONH 2 

NBC12 NHj-TKKSPKKAK3CPAAIQ^PKKAKKPAAKKSPKKAKKPAYC (Acm) -COOH 

NBC13 NH 2 -FXSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKPAYC (Acm) -COOH 
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nbci4 nh 3 - Aiaiiauuuuaa^KKAuaaai c-cooH 

1 .2 Defined Conjugates 

These are conjugates in which every chemical bond is a denned regio-specif.c bond. 

1-2. 1 Lipid Derivatives 



N-Palmityl derivatives of the corresponding NBC peptides are called Lip I, Lip2 
e.g. The structure of Lip2 is: 



etc. 



CH 3 - <CH 2 ) i * -CONH-KPKAAKPKKPKKKRKVEKKSPKKAKK 

P A A C (Acm) -COOH 

The Choiesteryi derivatives are named after the corresponding NBC peptides. Choll 
Cho! 12 etc. e.g. The structure of Choll2 (Choi* NBC12* (superscripts denote the 
of denvatizauon) is: 



sue 




N-KKSP* KA*K'K PAAK-KS P KK AKK PAA-K-KS PK KA'K-K PA AC(Acm)COOH 
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1-2.2 Insulin Coniuflaifis 



W-NBC14' (superscripts refer to l.nkage site on ligand and 

following structure : 



peptide) has the 



Insulin 



HN 



N K-KK-K-K-K-K-K-KK-KK-K-K-KK-KKC - COOH 

S 
I 

S ^ N 



InsII B, -NBCl4' has the followmg structure 
Insulin o 

o 



N — KK-KK-K*- W K-KK-K-K k-K k-K k-C - COOH 

S 



H? N- T*<-K K4<-K-K KK K-KK+(+( K4<-K-K K-C — COOH 



Insul.n B '-Chol D, -NBCl4" 8 has the follow,,, 



£ structure: 



Insulin 




K+CK4<K4<-K4<.K4<K-K-KKKK-KKC- COOH 
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K2 ' 3 - Olycosylatrri DendrimPr- rr»nj rnyr . 
The structure of Mannosylated Lysine Dendriro 



NBC12') is: 



ier conjugated to NBC 1 2 (Man 4 Den2- 



HO 



HO 




OKOH 




jCrV 



NH 



O NH 




(CH 2)3 H 



N-NBC12 



HO ^ HO 
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The structure of Mannosylated Lysme Dendnmer -undecane spacer-NBCl2 
(Man 4 Den3-NBC12') is: 




48 



BNSDOCID: <WO. 964i606A2J_> 



WO 96/41606 PCT/GB96/01396 




49 



BNSDOCID: <WO 9641606A2_I_> 



WO 96/41606 



PCT/GB96/01396 



Conjugates Man 4 Den5-NBC12 and Man Den* M R rn 

U- >-ys,„e d-*™, backbone. ,„ lhese JfJZ^V??*-* '° 

no c ys . ma , e , midophe „ y . bu , yra , e „ nker ^^^^ 

The simcturc of Man4Den5-NBCI2 is 

H °-\HO 




GGY-N-N 
H 



HN-NBC12 
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Example 1 
Preparation of NRP.Ppj^ 

Peptides NBC1-.4 were synthes.sed us.ng a Bioseaxch 9050 plus Pep.ynthes.zer in 
cxten e synthes, cyc.e mode us.ng F m oc-Cy S(A cm)-0-PEG-PS-Re S L wU h 
d-methyUorrnarnide as solvent. Deprotecuon of the N-termina, Fmoc-group before each 

a U h h 7 7 n USmg 3 SO,UU ° n ° f 2 ° % P,PCrid,ne ^omLdeCir 
« a h, g h now rate fo.lowed by I0 nun at Srnl/rrun). The amino acids were coupled in 

(TBTUvrih^ 5 US 'h 8 ° (,H benZOlnaZO " 1 " yl) * tetraineth >' ,uronium tetrafluoroborate 
(TBTUV.-hydroxybenzotnazo.e and N-ethy.di.sopropylarnme as activating agents. For 
NBC1 the couphng umes staned at 30 mm .ncreas.ng by 15mins after every 15th ammo 
acd dunng the synthes.s to 1 .25h. for the las, ,5 ammo acids. For a., the other NBC 
peptides, coupling times were se, at Ihour throughout the synthes.s. The fo.low.ng 
ammo acd denvat.ves were used as appropnate for the NBC: Fmoc-Ala-OH Fmoc 

C rg ^ bf> o„ H, J :m0C " GlU(0 ' BU, ' 0H - FmOC - L --< B ">-OH. Fmoc-Pro-OH. Fmoc- 
Ser( Bu,-OH. Fmoc-ThrCB U )-OH. Fmoc-TyrCBuj-OH. Fmoc-VaJ-OH After the 
synthesis of each pept.de was complete, the N-.cnn.nal Fmoc group was removed as 
descnbed above to give the free ammo, s.de cham protected, peptide bound to the resm 
Each resm was then washed ,n,o a glass v.al w.th methanol and dned in vacuo. 

Peptides were cleaved from the res.n us.ng a TFA/water/phenol/Uuoan.sole/1 ■>. 

itZlTrt (82 ' 5: 5:5:5:2 - 5) nUX,UrC ° f ™™ f ° r ™» «™» »f re 's.n to be 

cleaved). The resm was then removed by nitranon and washed 3 umes w.th TFA 

The combmed nitrate and washings were concentrated by evaporation then precipitated 
us.ng diethyl ether followed by centrifuganon ,o g.ve the crude peptide. 

Crude peptides were dissolved m a small amoun, of 1% aceuc acid in water and applied 
«o a Sephadex G25 (superfine) column of an appropnate s,ze and eluted using the same 
1% Aceuc acid solution. The fractions containing peptide, as determined by analytical 
reverse phase hplc, were pooled and lyophil.sed. Further purification was achieved by 
preparative reverse phase hplc us.ng a Dynamax 83-22 1-C column and a gradient of 5 
30% Acetonithle(0. 1 % TFA) in Water(0. 1 % TFA) over 20 min. The fractions 
comammg peptide were pooled, the acetonitnle evaporated in vacuo . and lyophilised. 

NBC1 was then desalted by dissolving it m 0 75 ml of 1% acetic acid in water and 
applying it to a PD-10 column which was then eluted us.ng the same buffer. Fractions 
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were taken every 0.75ml and fractions 3-8 were combined and lyophilised to give the 
final peptide. 

NBC2-NBCI4 were purified by preparative rp hplc. desalted by elution on a Sephadex 
G25 superfine column ( 1.6x30cm) with 1% acetic acid in water. The resulting 
fractions were analysed by reverse phase hplc, pooled and lyophilised as above. 

When necessary, the acetamidomethyl ( Acm) thiol protecting group maybe removed 
using mercury (II) acetate ,n 30% acetic acid in water followed by precipitin of the 
mercury with 2-mercaptoethanol. The resulting free thiol peptide can be purified using 
gel filtration to give the desired product. 
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Exampip ^ 



Calculation of Polyriisnersitv Inde* nf Svnth»H- 

The polyd.spersion ,ndex is used ,o characterize the molecular we.ght distribution of 
polymeric compounds. 



PDI = 



Where M w is the weight average molecular we.ght and M n is the number average 
molecular weight. 

The usual method for determining the weight average molecular we.ght of 
heterogeneous polymers such as poly-lysme ,s to use light scattering where the amount 
of l.ghi scattered depends on molecular size as well as the number of panicles. In these 
cases the number average molecular w Clg h. ,s calculated from a colligauve property of 
the polymer in soluuon such as viscosity since th.s property is dependent on the number 
of moiecules of polymer per unit volume 

For example Poly-L-Lystne 25000: Sigma Product P7890. Lot No 93H-5516 has a 
PDI of 1.2. This result is typical for the batches of poly-lysine used in many gene 
transfer experiments reported in the literature. 

For preparations of low polyd.spersity this approach cannot be used because of the 
relative inaccuracy of both viscosity and light scattering measurements. In these cases 
electrospray mass spectrometry may be used. 

Fig 2 shows the deconvoluted electrospray mass spectrum of peptide NBC9 (theoretical 
mass 4082.2). An aqueous solution of lmg/ ml peptide was prepared and the sample 
diluted in a mixture of scetonitrile:methoxyethanol:0. 1 % trifluoroacetic acid. The 
experiment was performed on a VG Instruments Quattro II instrument fitted with a 
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quadropole analyser. The instrument «, calibrated with myoglobin and lOul ahquots 
were injected directly into the instrument source. 

Th.s technique gives the exact mass and by integrating the areas of each peak the 
relative proportions of each component can be estimated. This enables the M w , M n 
and Polydispersion Index to be calculated 



I „ 



M 



I n 



M 



X „ 



Integration of the peaks ,n the NBC9 spectrum gave the following relative areas: 

Mass Area <«,) 

4212 120 

4084 4250 

4064 420 

4013 goo 

3838 j5o 
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From this data using the formulae above 
M w = 4070 

M n = 4067 
PDI = 1 .0008 



4 
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Exam plp A 



L 8wmh)y of srnthwlr Virm.ni,. ^ . y ,-,- , f n| „ 
Btitrmlnalion of f^ n „ /„ „ if r . 

41 Assembly Jn rt DNA r„ n ^ — ., hn 

The „uc,e,e acid is made up ,o 2CM00 Wml ,„ the buffcr (usuaJ , y o.is M lo 1 0M 

NaC 1; 25 mM HEPES. pH 7 4, The reared amoun, of conjugate o, pep,,de , s ^ 
up ,o an eauai voiume ,„ , he nuclelc acid soluljon ,„ ^ ' * «^ » «* 
a g ua,ed mode ra ,e,v w„„e ,„ e condensmg age „, , $ ^ ^ volume per 

io cells and can be stored ai 4°C. *uuing 

DNA f ° IIOWmg eXPenmCmS WerC " ° rder ,0 dete — *e relative 

DNA condensing act,v Ity and transfecuon efficiency of nucle.c acid condensing 

pepudes disclosed here,n Nudeic acd condens.ng peptides wluch possess th 

8 nr,0 CS PCPUdeS ° f ,nVCm,0n "* ,CS,ed " dCSCribCd ^ NBC, 7 
errancy , US,nS ,CS[mg PafamCterS " 8CI rCtardaU ° n - d «™»fcc.ion ' 

^-^showsthecomparauvegelretardauonbehav.orofNBCI (31 positive 

sr 7 " 6 p : ,ve • charged groups) - nbcs (i3 

groups). NBC9 (19 positive charged groups) and NBC10 (25 positively charged 
groups) , ug aj,^ of pla5mid RS Vjuc DN A (2() ^ g/m] ^ ^ ^ ^ ^ 

HEPES.pH 7.4) were ahauo.ed ,n,o a mu.n-well p, ate (50 u, volume). The amount of 
each ofihepepudes required to g.ve pos.uve charge: phosphate ratios of 0. 0.5. 0.6 
0-8- 1.0. 1.2, ,.4. ,.6. 1.8. 2.0. 2.5. 3.0. 3.5 and 4.0 was calculated and made up to 
50m ,n 150 mM sodium chloride; 25 mM HEPES, pH 7.4. The plate containing the 
DNA was placed on a plate shaker and shaken whilst the peptide solution was added to 
the DNA at a rate of 5 uJ per rrunute. After addition of the condensing agent is 
complete, the solution was incubated at room temperature for at least 30 minutes A 
sarnp le for each positive charge: phosphate ratio is electrophoresed on a standard 1 % 
TAB agarose g eL The ge , was suined with ethid.um bromide and visualized under UV 

. C r ° nder:5ed rema,ns in the of the gel and does not migrate in the 

electric field. 
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DNA T dCCtr ° Ph0relic ™ M *y ° f - —e quantity of plasmid 

DNA after m x,n g wU h various rauos of each peptide (equal to 0. 0,5. 0.6 0.8. 1.0. 
1-2. 1-4. 1.6. 1 .8. 2.0. 2.5. 3.0. 3.5. and 4.0 equivalents of positive charge (Lysine + 
Arg,n,ne + a-amino) per equivalent of DNA phosphate. This data shows that all four 
pepudes are potent DNA condensing agents with at least as good a DNA condensing 
ac„v, ty as NBC1 and that ,n the related senes NBC8-10. NBC8, the shorter pept.de has 

Tu 71^*" COndCnSmg aClm,y ,ha " ,0ngCr NB ^ -d NBC.O 

Although NBC7 is a weaker nucleic acid condensing peptide than the other sequences 
On terms of the relative mass of pept.de required to bnng about condensate of a given 
amount of DNA). figure 15 also revea.s that the peptide NBC7 bnngs about the 
abol.t.on of ethidium brom.de stam.ng a, h.gh concentrates. The other pept.des on 
the other hand, although excellent condens.ng pepudes, do not have this effect 
-nd.cat.ng a more condensed form of DNA condensed with NBC7 w h .ch is exclud.ng 
this dye from the interaction with DNA. 

4 2 P^ermination of thr RH a ,.v e p n ,rnry nf n ene Pel.v^ 

In studies ai med at determining transfect.on eff.ciency. the nuc.e.c ac.d used is plasmid 
DNA contams a marker gene for firefly iucifcrase (pRSVLuc; de Wet J R Wood 
KA' DeLuca M.. Helsink. D.R.. and Subramani S. (1987) Mol. Cell. Biol, vol 7 pp 
7 5-737,. After incubation the cells are lysed and are assayed for gene express.on In 
the case of the luciferase reporter gene, luc.fenn and ATP are added to lysed cells ar,d 
the light erruned is measured with a lurrunometer. 

4.2.1. Assay for Transgene Express.on Us.ng Cells Grown m Suspension Culture. 

Cell .H„es such as Jurkat and K562 grow ,n suspension and can be effected and the 
tevel of transgene expression (luciferase activity) determined by the following method 
Cells are harvested on the day of assay by centrifugation at 1200 rpm for 5 mm at room 
temperature. The cell pellet ,s resuspended ,n phosphate buffered saline and re- 
centrifuged. This operation .s performed tw.ee. The cell pellet is then suspended ,n 
RPMI 1 640 (Gibco Ltd.) to make up a suspension of 2.7 x 10 6 cells per ml The cells 
are then ahquoted into rubes and 0.75 ml of RPMI medium added, followed by 0 04 - 
0.08ml of lOOmM Chloroqume and finally 0.25ml of DNA-complex solution. The 
iransfection is then allowed to proceed by incubating the cells at 37»C for 4h. After this 
time the cells are harvested by centrifugation at 2000rpm. The cells are then suspended 
m 1 ml of RPMI medium and re-cemrifuged. Finally the cells are suspended in 0 5ml 
RPMI medium containing 10% foetal bovine serum. Each 0.5ml of transfected cell 
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rpmi 10* Z7T : en of a 12 wcn p,astic cuiture p,ate »' 

RPMI 10% FBS. The ongma. transfecon cube ,s rinsed with a further ImJ of medium 
and the wash transferred to the culture dish making a final volume of 3ml. The culture 
plate is then incubated at 37»C for 24-90h ,n an atmosphere of 5% CO,. The contents 
of each well in the culture d,sh are transferred to centrifuge tubes and the cells collected 

n^TT" 1 13 °° 0nm - The pCUCl ,S rcSUSpCnded ,n ° 12mJ 

( lOOmM sod.um phosphate. pH 7.8: 8mM magnesium chloride. ImM EDTA 1% 

Tnion X-.00 and 15% glycerol) and agitated with a pipette. The lysate is centrifuged at 
13000 rpm for 1 minute and the supernatant collected. 80ul of the supernatant are 
transferred to a lurrunometer tube. The luciferase activity IS then assayed using a 
Benhold Lumat L950, lurrunometer. The assay buffer used is Lysis Buffer containing 
10mM Lucfenn and lOOmM ATP. Light produced by the luciferase is integrated over 
4s and « described as relative light units (RLU). The data are convened to RLU / ml of 
lysate. RLU/cel, or RLU/mg protein (protein concentration of the lysate having been 
determined in this case by the BioRAD Lowry assay. 

4.2.2. Assay for Transgene Expression Using Adherent Cells. 

The method can be modified for adherent cells such as the hepatic carcinoma cel. l.ne 
He P G2. Cells were plated 24h pnor to transfection ,n 6-well ussue culture plates at a 
density of 1-2 x 10 s per well ,n complete medium (MEM (with Earle's salts) + 1% non- 
essential arruno acids - 10% foetal calf serum ^Transection was carried out by 
as P ,rat,ng the culture medium and washing the cells with phosphate buffered saline 
Complex (SOug/mJ DNA) ,s layered on,o the cell monolayer ,n a 1ml final volume 
containing 2.5ng DNA and 120uM chloroqume ,„ RPMI supplemented whh human 
albuman (Img/ml ) and human transferrin ( 50u g /rnl ).The tra ns fect,on is then allowed 
to proceed by incubating the cells a, 37°C for 4h. after which the transfecuon complex 
was removed, the cells washed with PBS and completed medium added prior to 
incubation at 37°C for 24-72h in an atmosphere of 5% C02. 
The cells were then harvested using trypsin to detach the cells. After addition of 
medium containing serum to inactivate the trypsin, cells were pelleted by centrifugal 
at 13,000 rpm. The cells were then suspended in 1ml of PBS and re-centrifuged 
The pellet was suspended in 200uJ of Lysis Buffer (lOOmM .odium phosphate P H 
7.8: 8mM MgC12. ImM EDTA; 1% Triton X-100;15% glycerol; 0.5mM PMSF and 1 
mM D.th.othreitol) and aguated with a p.pette. The lysate is ceuuifuged at 13 000 rpm 
for 1 minute and the supernatant collected. 80ml of the supernatant are transferred to a 
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juminometer tube. The luciferase activity is then assayed using a Bertho.d Lumat L9501 

0 WStT^ATP H ^ " ^ ° ° lmM ^cifenn Id 

0.04375mM ATP. Ugh. produced by the .uciferase is integrated oversee and is 

Zt^TZ 1,8ht umls (RLU) The dau 316 ™ d to ^ ' of 

RLU/cel. or RLU/mg protein (prolem concentralion Qf ^ ^ ha been 
deiemuned in this case by the BioRAD Lowry assay. 



It has been found tha, highly effluent transfection can be obtained if the gene 
delivery complex ,s assemb.ed such that the ratto of eou.vaJents of pos.t.ve.y cL 
rescues <on the DNA condens.ng po.ymer) to negauve charges Z the ho ^ 
.roups of the plasrrud DNA) ,n the formulat.on ,s in excess of 1.25. ? lg J 4 w 
non-receptor melted transfect.on by synthet.c v.rus like panicle prepared by rruxmg 
■ncreas.ng amounts of NBC I and NBC2 with plasrrud DNA. F.gures 4(a) ,0 

show that high levels of transfect.on ca, be obta.ned by .ncreas.ng the proporuon of 1 
nuc leiC aod condense pep.de ,n the formula,,. The expenmen, was performed J 
follows. Stoc, solut.ons of NBC, and NBC2 were made up at concentrator of 2 5 
5 and 7.5 n> of 25 mM Hepes. 0.85 M sod.um chloride. p H 7.4 contamtng 

0 7M sod,um chloride. Each so.uuon was nuxed with 120 u.1 of 0.7 M sodium chlonde 
25 mM Hepes. P H 7.4 contam.ng 2.5 Mg RSVLUC plasrrud DNA and the mixture 
.ncubated a, room temperature for 30 nun foUowed by 4° C overnight. The synthet.c 
v-us l*e parties were then d.luted ,n,o RPM. and .ncubatcd at roL tempera^r 
30rrun before mixing w,«h . * ,0' J urkat cells ,n RPMI contain.ng 120 uJvl 
ch.oroqume. After 4 h the ce.ls were cemnfuged. the medium removed and the cells 
-suspended ,n 2.5 ml of RPMI medium conunn.ng ,0% fetal ca.f serum. After 24h the 
cells were collected, washed ,n 25 mM Hepes. 0.85 M sod.um chlonde. P H 7 4 , yse d 
and the level of luciferase expression de.ermmed as described above 
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Example S 

Comparison of Transition piff| , | ?n , mrp p „ r ,^, 

d^i/^cT: thc re,a,,ve efr,ciency of transfection ° f c ° m > •«« ~d or 

different NBC condensation peptides or poly-L-lysine. pRSVLuc DNA a, a 
concentration of .OO.g/mJ was condensed using ^ ^ . ^ ^ ^ ^ 

DNA as described in Examp.e 4 with the fol,ow mg devtanon: pnor to addition to the 
cells f Jurlcat cel. line] the complexes were diluted to 20^g/mJ with ,0% PEG ,0 000- 

:r de: 25mM sod,um phosphatc - ph 74 - * - - 

These resul[s m shown ln Flgure 5 Un£jer thes£ condj , ons 

polyd.spersny tnclud.ng NBCI4 ( , synthetic po.y-L,ys.ne of def.ned structure) were 
s. P n,ncan«ly better transferor, agents than the po.ydisperse poly-L-lys.ne. 

Figure 6a shows the results of a s.^lar expenment. All conditions were ident.cal to the 
prev, 0U s example except tha: ,n th.s case the DNA was co-condensed with 0.6u g L,p,3 
/ W DNA pnor to dilution Aga.n Significantly higher transfecuon rates were observed 
•n all comb.nat.ons apan from those conta.n.ng poly-L-lysine. F.gure 6b shows a 
s.rrular companson of data using NBC . . NBC8. NBC9 and NfiCl 0 as condensin* 
peptides. 5 
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Example * 

GengJetiverv Hsinp T^rtl r . pnp n _ r ,„„ r _ 

61 Monoclonal antibody .^.. .j- gene , ran ^ r 
6 1 I Conjugat e Svnth^ ic 

6- 1 . 1 . 1 Conjugation of Monoclonal Antibody to NBC! v,a the Carbohydrate Group 

Cel. targeung components such as monoclonal anubocaes may be conjugated to a 
nucle.c acd condensing peptide according to the invention. 

The Carbohydrate groups present on the monoclonal anubcdy are oxtdized 
using penod.c acd to produce reacuve aldehyde groups (Jentoft and Dearborn J Bto. 
Chem, 254. 4359 ( ,979) ) . The ox.d.zed antibody is then reacted with an.no groups 
present on the NBC2 pept.de. Th.s results ,n the formauon of an inune (Schtff Base) 
Lnkage between the anubody and the NBC po.ymer. The irrune Unkage « very labUe m 
water and must be reduced us.ng sod.um cyanoborohydnde or sodtum borohvdnde to 
give the stable amine. ' 

Ant.-CD7 antibody (50 mg a. 5 mg/mJ) ,n 25 mM sodium acetate. pH 5 0 w as 
ox.dized by the addttion of sod.um penodate to ,0 mM. The solution was left on ice m 

lt k F ! or u h ,! 1,e ox,dl2cd an,ibody uas desalted and the buff - e - h -^ -'25 

mM l MES. PH 6.0 on a Sephadex G25 column (30 cm x 2.5 cm i.d.) . The amount of 
anubody recovered from the column wo, detemuned by measunng the absorbance at 
280 nm (the absorbance of a I mg/mJ soluuon of antibody at 280nm ts 1.33) A 5 times 
molar excess of NBCl was added and the soluuon was left at room temperature for lh 
Sodium cyanoborohydnde was added to 10 mM and the solution was left at room 
tem^rature for a further four hours, before d.alyzing overnight against 0.6 M sodium 
chlonde; 25 mM HEPES, P H 7.9. .n 1 2k moleclular weight cut off membranes The 
conjugate was removed from dta.ys.s and loaded onto a SP Sepharose column (5 ml) 
equilibrated in 0.6 M sodium chlonde. 25 mM HEPES P H 7.9. It was washed onto the 
column w,th 5 column volumes of the same buffer, then eluted with a gradtent of 0 6 M 
to 3.0 M sodium chloride over 20 column volumes. 

The unmodified antibody does not bind to the column and is washed through 
The anubody conjugated to NBCl b.nds to the column and is eluted early In the 
gradient (Fig. 7) The conjugate peak eluted at approximately 1M NaCl. 
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6. 1 . 1 .2 Conjugation of Monoclonal Antibody to NBC2 via a Hydrazone and Disulf.de 
Linkage 

To 20 mg ant,-CD33 antibody in 25 ml 25 mM sodium acetate, pH 5.0 sodium 
penodate was added to a final concentration of 10 mm. After 3 h at room temperature 
the ant.body was desalted by gel filtration using 25 rnM sodium acetate. 0.5 M NaCl.' 
pH 5.0. as running buffer. To the pooled protein fractions were added 5 mg (22 uxnol) 
3 - (2 -pyridyldithio) propionyl hydrazide (PDPH) dissolved in 50 uj DMSO. After 1 h 
at room temperature the antibody-PDPH was purified by Sephadex G-25 gel nitration 
usmg 25 mM HEPES. 0.5 M NaCl. pH 7.9. as runnmg buffer. The protein fracuons 
were pooled and stored a. 4°C NBC-2-SH (5 mg/mJ) was reduced with ditfcothreito) 
fduh.othreitol) and purified by gel filtration using 25 mM HEPES. 0.5 M NaCl pH 
7 9. as runnmg buffer. A total of 250 nmol NBC2 (as determined usmg an Ellman's 
test, were added to the antibody-PDPH and the solutton was left for 16 h at room 
temperature. The concentration of NaCl was adjusted to 0.15 M before the 
ant,body-NBC2 conjugate was purified by canon exchange on SP Sepharose using 
NaCl gradient of 0.15- 3 M. The separation obtained ,s shown in F.g. 4. The crude 
conjugate was appl.ed to the column [S-Sepharose Fast Flow] on 0.15 M NaCl and 
eluted with a 0.15- 3 M linear grad.en, of NaCl. The conjugate peak eluted at 
approximately 1M NaCl. The protein peak was pooled and dialyzed against 0.02 M 
HEPES buffer. 0.15 M sodium chloride buffer. pH 7.2. -a 

6.1.1.3 Conjugation of Monoclonal Antibodies to NBC2 via a Hydrazone and 
Thioether Linkage 

To 20 mg anu-CD33 antibody , n 2.5 ml of 25mM sodium acetate. pH 5.0. 
sodium penodate was added to a final concentration of 10 mM. After 3 h at room 
temperature in the dark, the antibody was desalted by gel filtration using 25 mM sodium 
acetate. 0.5 M NaCl, pH 5.0. as running buffer. To the pooled protein fractions were 
added 5 mg (22 nmol) 3-(2-pyridylduhio)prop.onyl hydrazide (PDPH) dissolved in 50 
Jil DMSO. After 1 h at room temperature the reduced antibody-PDPH was purified by 
Sephadex G-25 gel filtration using 25 mM HEPES. 0.5 M NaCl. pH 7.9, as running 
buffer. The protein fractions were pooled and stored at 4°C. 

The derivatized antibody was reduced with cysteine and purified by gel filtration 
using 25 mM HEPES. 0.5 M NaCl. P H 7.9. as running buffer. The fracuons were 
pooled and the concentration of thiol groups determined using an Ellmans test. A 2 
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mola, excess of male^do-p-Aianyl-NBCi. (S.ace.amidomeU.yUCys, 
mg/ml) were added ,o UK amibody-PDPH and the soluuon was ,- ft for . 
.ensure The conce„ ra ,„„ „, NaCI was ™ ~ £ ** J«\" 

an.ibody.NBC2 con jU ga.e was purtfied by ^ JJ" ^ s ° p ' 5 " * f ° re *» 
Nad gradien, of 0.13 . 3 M. The pro,ei„ peak w , °" " SeP ^ OSe " S '"« * 

and the conjugaie s.orcd a. 4»C "d ihe pool s.enle Altered 

6. 1 - . -4 Sy„,„es,s of a C,us.ered Monoclona, An.ibody.NBC2 C„„juga,e 
Wn„,, nlTemplalc Unker (2-bromoacetyl)-CG(E(NHNH j}GG) r .NHNH r <CU 

The peptide was synthesized using a Miliinom on*n . 

-me. Fmoc- Gl y. 0 -Resm was used. After depro.ec.on of the Frl " 1 

p.perid.ne ,„ din.e.hyKorrnam.de. ,he subseouem 1I„ / Sr ° UP - 2 ° % ' 
««, us,n s 0.6 M N.N.dnsopropvlea^" Z "f"*** 

dnsopropyle.hylam.ne ,„ d.meU.ylfonnam.de as aaivaune anems A* T . 

■he pepude was complex ,he N.,erm,nal FrJ Sy "* eS ' 5 °' 

^e and lhc ^ „ JZT*7^^~ ™ - 

PUrfr ™ ° f * P^* » H.™- on Se^ C25 fl^e7b : XWre 
reverse phase hole gave .he des.red produc, * P"=r»n»>ve 

-con of a so, u ,on o, ,he pe P „d^ 'Z „ ^T^JT^ * 
presence of EDC-Lo yield .he N h . hydrazme ,n .he 

of*. pepHde. '-nromo.ee.y,, -pen.a.g.u.aryl.hydra.ide denvauve 

To ,20 mg ami-CD33 am.body ,n 2.5 ml 25 mM sodium acetate oH 5 n 
sod,um peHodate was added ,o a Hna, concen.nu.on of ,0 mM Ate 3 h " 

added 5 , " " rU " n " ,S bUff " T ° "» •«« 1™* we" 
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left for 16h at room temperature. The concentration of Nad-was adjusted to 0.15 M 
before the clustered antibody-NBC2 conjugate was purified by cation-exchange on SP 
Sepharose using a NaCi gradient of 0.15-3 M. The protein peak was pooled and the 
pool sterile filtered and the conjugate stored at 4°C. 



6. 1 .2 Targeted Gene Transfer Using Monoclonal Antibody Ligand Directed Gene 
Complexes 

Examples of transfection efficiency are shown in Figs. 9-14, These figures are 
histograms showing the relative activity of luciferase in lysates derived from cells 
transfected with plasmjd DNA containing the luciferase gene under the control of the 
RSV promoter. There is no endogenous luciferase activity in any of the cell lines or 
primary cells used. 

Fig. 9 shows that gene transfer* to myeloid cells can be targeted using an 
anu-CD33 complex in which the DNA is condensed with anti-CD33-NBCl conjugate 
in a dose dependent manner. The anti-CD33-NBCl conjugate was synthesized as 
described in Example 6.1.1.1. This expenment shows the effect of complex 
concentration on gene transfer. At 2.5^g/mJ DNA complexed with unconjugated NBC2 
no gene transfer was observed. As the amount of complex added to the cells is 
increased the level of luciferase (transfection) increases to a maximum of 1-2 ^g/DNA 
complex/1 x 10 6 cells. Fig. 10 shows that the overall loading ratio of the plasmid with 
conjugate is important for activity with lower activity associated with complex prepared 
with an excess of conjugate. Anti-CD33-NBCI complex was prepared such that the 
ratio of conjugate to DNA remained constant but the amount of unconjugated NBC2 
was varied to give total cationic:phosphate ratios of 0.5 to 2.0. 

Cell targeting is specific, as shown by the observation that cells treated with free 
and competing unconjugated anti-CD33 antibody have reduced levels of transfection 
when exposed to complexes formed using ami-CD33-NBCl (prepared as described in 
Example 6. 1.1.1) in the standard assay system (Fig. II), and by the fact that no gene 
transfer is observed when cells are exposed to DNA condensed with unconjugated 
NBC2 (Fig 4(a)). In the competition experiment (Fig. 1 1), the standard assay described 
above was used except that the cells were incubated for lh at 37°C with anti-CD33 
antibody at the given concentrations just prior to addition of the synthetic virus like 
panicle. The synthetic virus like panicle was then added as normal and incubation 
continued for a further 3 h at 37°C. The presence of free antibody reduces the level of 
transfection presumably by preferentially interacting with the CD33 receptor. 
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F.g. 12 shows that the quantity of antibody within the complex can be opiimized 
to increase transfection efficiency. Complexes were prepared as described in Example 4 
w„h various proportions of ami-CD7-NBCl conjugate (prepared as described in 
Example 6.1.1.1) and unconjugated NBC2. The final quantities were adjusted so thai 
DNA condensation as determined by the gel retardation assay did not va, / Fig 12 
shows that when 25% of the condensate , S provided by interaction between the 
nucle,c acd and anti-CD^pepude conjugate and 75% by free NBC2 maximal 
iranslccuon efficiency is obiained. 

Figure 13 shows the ume course of expression. Cells were transfected with anti-CD7 
conjugate prepared as described in Example 6.1.1.1 and assayed as described m 
Example 4 except that the cells were grown for increasing time penods before lysis and 
analysis of lucifcrase expression. 



° - Insulin Ta rgeted prnp transfer 
° - 1 Synthesis of lnsulm a '-NBC14' 
6.2. 1 . 1 Functionalization of Insulin 

Insulin was chemically modified according to previously described methods (pp 4 V44 
of Offord. R.E.O980) -Semisynthetic Proteins" 235 PP .. Wiley. Chichester and Neu 
York), with slight modifications Briefly. lOOmg Zn-free insulin were dissolved in 1ml 
of 1M sodmm hydrogen carbonate, d.lutcd u-.ih 4mL d,methylformamide and reacted 
with an equimolar amount .relative to pept.de amino groups) of 
methylsuiphonyloxycarbonic acd N-hydroxysuccinimide ester. After lh incubat.on at 
room temperature, the mixture was acidified and subjected to semi-preparative HPLC 
on a C8 column equilibrated in 0.3M ammonium sulphate, pH 2.7. using a 65-90% 
gradient over 25min with a flow rate of 4ml7min (A:0.3M ammonium sulphate. pH 
2.7. B: 0.3M ammonium sulphate containing 35% acetonitrile. The ammonium 
sulphate solutions were obtained by dilution of a 3M stock solution which had been 
adjusted to pH 2.7 (glass electrode) with cone, sulphuric acid. No further adjustment 
was made to the pH of the diluted solutions. The peak corresponding to di-substituted 
insulin (as judged by subsequent elecirospray mass spectrometry) was collected and 
desalted on a double Chromabond equilibrated in 0.1% TFA. The di-derivative 
obtained in such reactions is known to be preponderantly the desired Al. B29 
substituted molecule. This supposition was checked as follows: analysis of the 
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mod,r,ed protein after ovem.gh, incubation in 50mM dithiothrdtol ,n water allowed 
validation that the B-chain contained on.y a single methy.sulphony.oxycarbony. group 
(calcd.. m/z 3547.8: found m/z. 3549.6 ± 0.4). 50mg methylsulphonyloxycarbonyI2- 
insulin were then dissolved in ImL N-methyl- P yrrolidone and reacted with a 10-fold 
molar excess of Boc-AoA-OSu (synthesized according to Vilaseca et al (1993) 
B.oconjugate Chem. 4 515-520). in the presence of equimolar amounts of HOBT and 
sufficient N-ethylmorpholmc ,„ bring the pH. as ind.cated using mo.s, pH paper to 
approximately 8. After .h incubat.on a, room temperature, the reaction medium was 
acidified and diluted with 0.1%TFA. and the derivatized insulin isolated by semi- 
preparative HPLC on a C8 column equil.bratcd in 0.1% TFA, using a 35-45% gradient 
(same eluams as described above) over 20mm. The methylsulphonyloxycarbonyl 
groups were then cleaved under standard conditions and the material repurified on the 
C8 column using a 35-40% grad.en. over 20rruns. The final compound Boc-AoA 
msuhn. was characterized by elecrosprav mass spectrometry (calcd. m/z 5950.6: found 
m/z 5948.1 ± 0. 1 ) and was depro.ected by TFA treatment (30 minutes a. room 
temperature^ just before conjugation to NBC 14 

6.2.1.2 Conjugation of lnsulin BI -NBCl4' Conjugate 

The Cvs-protected pept.de was ox.d.zcd as follows. The peptide was dissolved m 50 
mM .rrudazole (CI). pH 6.9 at a concentrate of 10 mg/mL. and 0.2M methion.ne m 
water was^added (as an anu-ox.dant scavenger), a 10-fold molar excess over pepude 
Then 50rruM sodium penodate was added to a f,ve-fold molar, excess over peptide and 
the solution allowed to stand ,n the dark for 5 minutes at room temperature, the rruxture 
was punf.ed by semi-preparat.ve HPLC on a C8 column using a gradient of 10% ,0 
60% solvent B over 25mm where sol v Cn , A is 0. 1 % (w/v) aqueous TFA and Solvent B 
is TFA/ Acetonitrile-TFA-water 900: 1 : 1 00 (V/W/V). The .solated oxidized peptide was 
dissolved into a solution of 5mg of the AoA-msul.n derivative (an approx 2-fold molar 
excess of peptide overinsuhn) made up m 0.5mL 0.1M sodium acetate buffer to which 
had been added 50 mL aceton.tnle. followed by adjustment to pH 3.8 (glass elctrode) 
with glacial acetic acid. 

The conjugate was isolated after 15h incubation at room temperature and characterized 
by electrospray mass spectrometry (calculated, m/z 8426.1. found m/z 8429.3 ±0.5). 
4mg of material were isolated by semi-preparative HPLC with a 30-45 % gradient from 
the bulk of the reaction mixture. The peak fraction was dried down in a SpeedVac 
vacuum centrifuge. The final yield was 4mg of conjugate 
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6.2.2. Synthesis of a Conjugate Containing a Nonreceptor Binding Analogue of 
Insulin (des 8 " 11 Insulin B, -NBCl4' 

An insulin derivative which lacks the B23-31 sequence [des-insulin] was prepared as 

follows: 

70mg of .nsul.n were dissolved in 7.0ml of 50mM Hepes buffer. P H 8.0 and digested 
with 7mg of TPCK-trypsm for 3h a, 37°C. The reaction was stopped by the addition of 
140ul of a 0.1 M solut.on of p-methyl sulphonyl fluoride in ethanol and the addit.on of 
aceuc acid until a P H 3.0 was attained. The des-,nsulin was isolated by preparative rp- 
hplc us,ng a Waters Nova-Pak HR C18 column and an aqueous trifluoroaceuc acid 
(0. 1 %) ,o aceionitrile/trinuoroacetic acid/water (900: 1 : 1 00) gradient (2CM0% grad.ent 
over 40rrun). 38mg of matenal were recovered and characterized by electrospray mass 
spectrometry (calculated mass 4865.5 / observed mass 4867.7). 

The introduction of an arrunoxyacetyl group at the N-terminus of the B-chain of des- 
insuhn was accomplished by an approach similar to that described by Offord ( Offord. 
R.E.[ 1980). Sem.-synthet.c Proteins, p 235. Wiley . London and New York ). 7.7»iM 
of des-msul.n were d.ssolved m 0.5ml of I M sodium hydrogen carbonate and diluted 
w,th 1.75ml of dimethyl formarrude containing 9.4uJv1 of methylsulphonyloxycarbonate 
N-hydroxysucc,n,mide ester ( Tesser 1 1975] Peptides. PP 53-56. John Wiley). After 1 
h incubauon at room temperature the mixture was acidified with trifluoroaceuc acid and 
the derivative re-chromatographed under the same conditions described above. The 
peak corresponding to the mono-substituted derivative of des-insulin (as judsed by 
electrospray mass specrometry ( calculated mass 5015. observed mass 5018]) was 
collected and freeze dried (25mg recovered). This material was dissolved in 0.4ml N- 
methyl-2-pyrollidone and reacted with a five fold molar excess of the N- 
hydroxysuccinimide ester derivative of Boc-aminooxyaceuc acid [according to Vilasca 
et al [1993] Bioconjugate Chemistry 4.51 5-520] in the presence of equimolar 1- 
Hydroxybenzotriazole ( P H adjusted to 8.0 with N-ethylmorphol.ne). After incubation at 
room temperature for l h the reaction was acidified and the insulin derivative purified as 
described above. The meihylsulphonyloxycarbonyl group was then cleaved under 
standard conditions and the peptide repurified by hplc as described above. 8mg of 
aminooxyacetyl-des-insulin were recovered (calculated mass 4939 / mass observed by 
electrospray mass spectrometry 4938). 
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Predate oxidized NBC.4 was prepared as described in Example 6.2.1.2. 4mg of this 
material were mixed with 4mg of des-insulm derivative in 400uJ of O.IM sodium 
acetate buffer containing 20% accionitrilc. pH 3.6. After I5h incubation at room 
temperature the conjugate was isolated by preparative hplc using a 1cm diameter C8 
column and a 30-35 % gradient of acetonitrile solvent (using Solvent A and Solvent B 
as described ,.bove). The recovered material (3.2mg) was characterized by electrospray 
mass spectrometry (calculated mass 7465 / observed mass 7462). 

6.2.3 Preparation of Insulin-Poly-L-Lysine 

This conjugate was prepared according to the protocol described by Bimsuel et al 
(Meth Enzymol. 1993 . 217 . 6.8-644, for human transfemn-poly-L-lysme conjugate 
construction, with some slight modifications. 

N-succmmidyl 3-(2-pyndyldithio) propionate (SPDP) was reacted separately with both 
.nsul.n and commercial poly-L-Lys,ne The two derivatives were mixed after reduction 
of the 2-pyndyl disulphidc group in modified poly-L-lysine. 



20mg Zn-free insulin (3.5umol) was solubilized in 200ul. of IM NaHCO,, 
diluted w„h 800nL DMF and reacted w.th 2.2mg (7.0umol) SPDP dissolved in 100uX 
DMF After lh incubation at room temperature, the mixture was acidifiedlo pH 3 0 
and subjected to semi-preparative HPLC on a C8 column equilibrated m 0.1% TFA 
using a 30-}5%B gradient over 15min..w,th a flow rate of 4mUrrun. The main 
denvative which was isolated (limp) ,s the d.-substituted bis (dith.o-pynd.ne- 
propionyD-insulin as judged by subsequent ESI-MS (calcd. m/z 6172 4 found m/z 
6170.8^1.7). 

20mg poly-L-lysine (MW 52.500. 0.38nmol) from Sigma dissolved in 1.9mL 
0.1M HEPES buffer pH 7.9 was reacted with 3-molar excess of SPDP (l.Mumol 
dissolved in ethanol). After 30 mm incubation the solution was acidified with 200U.L 
IM sodium acetate, pH4.6 and the modified polymer purified on a Pharmacia fast 
desalting column equilibrated in 20mM sodium acetate pH 5.0. The degree of 
substitution, was estimated at 4.3nmol dithiopyridine/umol poly-lysine according to the 
amount of pyridine 2-thione released from an aliquot of material in the presence of 
50mM DTT. PMSF (5mM. final concentration) was added as a precaution against 
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protease contamination and the solution concentrated to 1.5L. 25mg DTT was added to 
modif.ed poly-lysine and the pH adjusted to 7.0 with 1 M HEPES buffer P H7 9 After 
30m,n. the soiution was acidified with 1M sodium acetate. pH 4.6 and the material 
isolated on the fast desalting column under the same conditions described previously 
and concentrated- 

O.ISumol of the thiol prop.ona.c (-SH) form of poly-L-lys.ne were finally 
recovered according to the quantitative n.nhydrin test and mixed with a 5-molar excess 
of 3-(2-pyr,dyl dithio)- propionyl insulin and the pH adjusted to 7.0 with 1M HEPES 
pH 7.9. After Ih .ncubat.on the conjugate was purified by gel filtration on a Superose 
1 2 column equilibrated in 20mM sod.um acetate. 0. 1M NaCl. pH 5.0. The conjugate 
corresponding to the first peak eluted from the column, was collected, d.alysed againsi 
1% aceuc acid and water and finally freeze-dried (10mg recovered). This sample, 
corresponded to the material named Ins.PolvKl. 



6.2.4 Targeted Gene Transfer using insul.n-NBC14 Conjugates 

The insulin receptor targeted synthetic v.rus like parades were assembled using 
pRSVLuc plasrrud DNA and Insul,n-NBCi4 conjugates as described in Example 4 
Gene transfer efficiency was measured using the hepatic carc.noma cell line HepG2. 
These cells are adherent and the standard assay was modified as follows. 
Cells were plated 24h prior to transfecuon m 6-well t.ssue culture plates at a density of 
1-2 x 10' per well in complete medium (MEM (with Earle's salts) + 1% non-essemial 
arruno acids + 10% foetal calf serum, Transfecuon was earned out by aspirating the 
culture medium and washing the cell-, with phosphate buffered saline. Complex 
(50ng/ml DNA) is layered onto the cell monolayer in a 1 ml final volume containing 
2.5u.g DNA and 120u;M chloroquine in RPMl supplemented with human albumin 
( lmg/mJ ) and human transferrin ( lOOug/ml ).The transfecuon is then allowed to 
proceed by incubating the cells at 37°C for 4h. after which the transfection complex 
was removed, the cells washed with PBS and completed medium added prior to 
incubation at 37°C for 24-72h in an atmosphere of 5% C02. 
The cells were then harvested using trypsin to detach the cells. After addition of 
medium containing serum to inactivate the trypsin, cells were pelleted by centrifugation 
at 13.000 rpm. The cells were then suspended in 1ml of PBS and re-centxifuged. 
The pellet was resuspended in 200u.l of lysis buffer ( lOOmM sodium phosphate. pH 
7.8: 8mM MgC12. ImM EDTA. 1% Tnton X-100;15% glycerol; 0.5mM PMSF and 1 
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mM Dithiothreitol) and agitated with a pipette. The lysate is centrifuged at 13.000 rpm 
for 1 minute and the supernatant collected. 80mJ of the supernatant are transferred to a 
luminometer tube. The luciferase activity is then assayed using a Berthold Lumat L950! 
luminometer. The assay buffer used is Lysis buffer containing 0.0 1 mM Luciferin and 
0.04375mM ATP. Light produced by the luciferase is integrated over 4sec and is 
described as relative light units fRLU) The data are converted to RLU / ml of lysate. 
RLU/cell or RLU/mg protein (protein concentration of the lysate having been 
determined in this case by the BioRAD Lowry assay). 



Figure 14 shows the relative iransfect.on potency of defined insulin-NBC14 conjugates 
and a defined conjugate of a non-reccpior binding insulin analogue (des Bawi Insulin- 
NBCI4) and insulin conjugates of poly-L-Lys.ne prepared by the approach of Bimstiel 
ei.al. loc cit. These results show that targeting is specific and depends on the presence 
of an insulin conjugate which is able to recognize the receptor (Insl-NBC14 is active 
whilst des Insulin-NBC14 is totally inactive). Moreover significant transferor 
efficiency is dependent on precisely defined insulin-polycauon conjugates as Insulin- 
NBC 1 4 based gene delivery is at least 2 orders of magnitude higher than the best 
analogous insulin-poly-L-Lysine based delivery. The greatly reduced activity of the 
msul.n-poly-L-lysine is due to largely to the poor transfection properties of poly-L- 
iysine Insulin has 3 amino groups available for conjugation. In the defined NBCI4 
conjugates only one of these ammo groups isjused Therefore, if conjugation via the 
other amino groups results in diminished receptor binding, it would be expected that the 
msulin-poly-L-Lysine conjugates would support up to 1/3 activity of the defined 
conjugates (the chemistry used to prepare the latter is random but group specific for 
amino groups). As the activity of these random conjugates is less than two orders of 
magnitude lower than the lnsulin-NBCU conjugates the additional loss in activity must 
be due to the inferior properties of polydisperse poly-L-Lysine polymers as transfection 
agents. 

That delivery is targeted is shown in Figure 15 where addition of free insulin during the 
transfection process in the standard assay led to diminished gene transfection. It is 
inferred from this data that the presence of free unconjugated insulin can compete for 
the insulin receptor and thereby reduce the amount of insulin-targeted delivery panicle 
taken up by the cells. 
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6 3 Glvcosvl reeled pne irancf-r 

6.3.1 Modincation of NBP) „inr 4f ff .p. nia nnonvn.n OS vm,v V h^ Yi; ^». f ^ T . Tntr 
(Manl-NRm 

4<a-D-mannopyranosyloxy)phenylisothiocyanate (MPIC) was synthesized from p. 
aminophenyl-rt-D-mannosc according in the method of Muller and Schuber \Biachcn. 
biophys Acta, 986 . 97-105 (1989)). 

10 mg (l.Snmol) NBC I were d.ssolved in 1.8 ml 25 mM HEPES, pH 7 9 To 
this solut.on was added 10 mg (32 umol) of MPIC dissolved in 50 uJ DMSO. DMSO 
was then added dropw.se ,o the st.rred solut.on to dissolve any remaining insoluble 
MPIC. The mixture was left at room temperature for 1 h before purification by gel 
filtration using 25 mM Hepes. 1.5 M NaCl. pH 7.9, as running buffer. The eluted 
fractions were analysed quantitatively for carbohydrate using the phenol-sulphur.c acid 
method [Robyt. JF and White. BJ (1987) Biochemical Techniques: Theor, and 
Pracncc Brooks/Cole. California. J. and qualitatively for primary amine content using a 
ninhydrin test. The mannosylated NBC1 fractions were pooled and dialysed for X) h 
aga.ns. 25 mM HEPES. 0.15 M NaCl. pH 7.5. h was estimated that 30% of the lysyl 
residues of NBC1 were mannosylated using this method. 

6.3.2. Use of Clustered Glvcosvl Derivatives as Ligands for Targeung 

RationaJe for the design of glycosylated dendnmenc ligands. 

Glvcosvl moieties may be clustered by the use of branched carbohydrates of natural or 
synthetic ongm. Alternatively these groups may be clustered by modifying a branched 
amino acid backbone (dendrimen 

The glycosylated dendrimeric moieties described in this section are based on a generic 
design of a ligand that, when conjugated to an NBC peptide, will give optimal binding 
of the peptide to either the hepatocyte asialoglycoprotein receptor (ASGPR) or the 
macrophage mannose receptor (MMR). The type of monosaccharide used in the 
synthesis of the ligand will depend on the receptor of interest. The design of the ligand 
is based on a consideration of the binding requirements of the ASGPR and the MMR. 
as it is these receptors that are of pnmar, interest for use in gene targeung. 

The literature states that ligands which present several (i.e three or more) 
monosaccharide units clustered together with their non-reducing ends exposed generally 
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KS:; ~ , " c " ,din8 r asgpr - ™ r «- - 

14 iMx c , T atCj ^ 3,7 - 328 Mons, gnyetaJ.(1994)Adv.DnigDel R ev 
14. 1-24). Such hgands bind with more affinity than corresponding Hgands present,n g 

t^wn h 1 6 m ° St SUCCeSSfU ' U£andS 00 tCfmS ° f bind '»g ^in.ty, - 

TsTrT sess s r eraI — chande ™— ™> byan avc g rage d ,l7 e 

of 1.5 nnv Theoret.ca. ca.cuianons US ,„ P "Hyperchem" modelling software shows th at 
monosacchar.de unus such as those exempted ,n the Man4Den2 (see be,ow) 
Matures are between 0.8 and 2.5 nm apan. ,n addition. Lee and Lee ( ,987) describe 

e optimal l.gand for the ASGPR K having th.ee ga ,actose termmaJ residues with a 
triangular configuration, hav.ng .mersi.e distances of 1.5, 2.2 and o 5 nm It ,s 
proposed that the flexibility and the ,n,er,s,te d.stances of the monolaccharides present 
on the hgands exempted are such as ,o aliow our hgands to fit this cntena. 

The binding requirements of the MMR have not been investigated as thoroughly as 

• although n ,s known that natur * ^ ~ 

.o the MMR. present monosaccharides w„„ .n.ers.te distances of between , 0 and 3 0 
nm. Aga,n. „ ,s proposed that the hgands exemplified fit such cntena. 



6.3.2.1 



-A 



Preparation of Mannosyliued Lys.ne Dendnme^ 



The 2nd generation lys.ne dendnmer [Dcn2 (Lvs) 1 -Gly-Gly-Tvr-Cys] was 
synthesised usmg a Mill.pore 9050 Plus Pepsvn.hes.ser running in extended cvcle 

T,t 20 , T^T ^ ' N - C ' h ^"-P-P-V'a-ne activation and deprotecuon 
with 20 % P ip end,ne ,„ dimethyl formam.dc S.an.ng from Fmoc-CysfTrO-O-PEG PS 
res, n and with a four-old excess of acm a.cd am.no acid to free amine group the " 
peptide was symhes.sed sequentially using the following ammo actd denva,,v es - Fmoc- 
0<^-buryl)-ryrosine; Fmoc-glyc.ne. d.Fmoc-lys.ne and Fmcc-r^-butoxycarbonyl 

lr e e 20r thC !; nal C ° UP,ing fimShCd N - ,Crm,n * ^ ^ — — ved 
using 20% pipendme m dimethylformamide. 

The peptide was cleaved from the dried res.n us.ng reagent K (TFA. water 

phenol,thioanisole,1.2-ethanedithioI- 8"> 5 ? ^ - . . 

aiimo, -S-5.5.5.5.2.5)andpunfiedby ion-exchange (SP- 

sepharose)and reverse phase hplc 
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TO ^OOM,.*^;, , m , ofa |: , 

n^o^uiv^.or,.,,^,,^^,^^ 100(lletllam)|w 

Z Z ' ^ w "° d,sso,ved ,n ' ml of ,: 1 — o, M 

borme. pH 9.0. The pH was adjusted to 9.0 by addiuon of NaOH Th. ■„ 

was then added to 95 mg 4 ( a D man ^ S ° 1Ul, ° n 

,n 1 m, of ,h ,a - D - mann0 Py ranos y'-y)-Phenylis 0 th,oc y anate d.sso.ved 

; 7 ;t ;r; ce,on, " ,e "- so,ui,on Thc — - to Proceed at 

men punned by high resolution gel filtration. 



Conjupu.on of Mannosvla.ed Deadnme, L, E a„d M M 4Dc„2 ,o NBC12 



6.3.2.2 

(Synthesis of Conjugate Man 4 DEN2-NBC12 



) 



,„ ,.o ml 5 0mM ,„. P „ 69 . w „ eoxld , sedbv 

acid before purification by reverse phase HPLC Aft,r . k ? ^ 

NBC12 was obtained, 'yoph.hzauon 30.0 mg ox.dised 

A male.mide funcuon was introduced into NBC12 by addition of 4.3 mg (12 .2 umo.) 
4(-4-maleimi d o P h e n yI )butyr,c acd hydraz.de. HQ. ,/2 dtoxane to 10 mg (2 5 umo,) 
oxidised NBC 12 in 2.0 ml 0. IM sodium acetate r>H 4 fi ■• , 

acetic acid, pH 4.7. The peptide solution was lyophilised. 
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I 0 50% ^.Ti Ww aKr conuimng 3 2 „„,„, „ f ^ (as ^ 

analysis) was added ,„ 5.0 mg (I.I „ mo |) MAL-NBCI2 in 0.1 M HEPES pH 7 5 
coming 20% ace,on,„i,e. Afler 2 „ jncutaUo „ . room ^ ^ 

purged by re ve™ phase preparallve H PLC and n^nedia*,, ,y„ phi , ised . t1k ^ 

construct wac nam./4 , J r f^-piiuc 



construct was named Man 4 Den2-NBCI2' 



6.3.3 Preparation of Mannosylated Lysine Dendnmer - NBC12 Conjugate 
Man,DEN5-NBCl2' 

Man,Den5-NBCl2 ,s a mannosylated dendnmer denvauve of NBC-12 similar ,n 
structure of Man,Den2-NBCl2- ta th,s case however the mannosy, s.de chatns are 
mtroduced using solid phase peptide synthes.s coupling methods whh the tetra-o-acervl- 

mannosc-a-Fmoc-Senne derivative. 

The pept.de dendnmers were synthestsed us.ng a Milhpoie 9050 Plus Pepsynthes.zer 
- described above except that Fmoc-N«-„ r , buloxvcarbonyl |ysme ^ fay d ._ 

Fmoolysine. 

uT. T 0 r PtAd T ^ rcSm - f ° Ur g ~ups werTdeprotected 

ustng 20% P1 pendme ,n dimeihy.form.rn.de. The free amines were then reacted w lth a 

•etra-O-Ac-mann-a-Fmoc-senne residue „n 16-fo.d molar excess of peptide) with 
TBTU/N-ethyldiisopropylarrune as activating agent. After the coupling had finished N- 
terrrunal Fmoc groups were removed us.ng 29c DBU ,n dimethylformamide containing 

2% piperidine. 6 

The glycopeptides were cleaved from the res.n by adding an excess of 95% TFA for 2 h 
at room temperature. The glycopept.de was precipitated in 10 volumes of ether the 
ether discarded after centrifugation and purified by hplc. 

In order to remove the O-acety. protecting groups presem on ^ carbohydrate 
the pepudes were treated with NaOMe/MeOH before a final purif.cation by HPLC. 
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Tte glycoside. MaMDenS was couple<J , 0 NBC12 a n^,, 
bifuncuona, cross,^, „ d. scribed above . A) , glycopep * ^ 

hmbT a t C " em " nal hvdral ' de eroup * usi " 8 ' ^™UrJL ,c,d 

Such hydra.de dcnvauves can be used to couple the Man direc ■ 

N BCI2.Bdescnbedforihe S y„ >b t S is 0 fM«4De^NBCI2. 

1» Biological Aclivhy of Mannusylaled NBCI. 

In order to assess the potency of Ma,,- NBCI, transfer of the .uciferase gene to 
HepG2 cells ,„ culture was measured. The assay was earned out as described ,n 
Example 4 except the chloroou.ne concentration was tncreased from the standard 
. 20uM to 2A0UM and the HepG2 cells were cultured for both 24h and 90h pr.or to 



enzyme assav 



The results of this assay are shown in F.gure 16. 
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Example 7 

Gene Transfer Complexes Containing I.ipn.p> p t8d<> rnmp l 

7 I N-Palmifvl Derivative 

7.1.1 Synthesis of N-Palmnyl NBC Derivatives 

Palmate acid N-hydroxysucc.mm.de ester (0.5g per gram of resin) was added to a 
suspension of N-terminal ammo deprotected resin bound peptide (side chain protected)- 
O-PEG-PS res.n ,n methanol/chloroform (1:4; 5mJ per gram of resin synthesized as 
de.scr.bed m Example 2). The reacnon was shaken for 48h. at room temperature then 
the res.n was filtered off. washed 3 times with chloroform, washed with methanol and 
dried //; vacuo. 

The pcpt.de was cleaved from the resm using a TPA/water/phenol/thioanisole/1 
eihuneduhiol (82.5: 5: 5: 5: 2.5, mixture (10ml of mixture for every gram of resin to be 
cleaved) The res.n was then removed by fikrat.on and washed 3 limes with anhydrous 
tnfluoroacet.c acid The combmed filtrate and washings were concentrated by 
evaporation then precipitated using d.ethyl ether followed by cemrifugauon to give the 
crude peptide. 

■A 

The crude peptide was dissolved m a small amount of 25mM HEPES pH 7.4 and 
applied to an SP-Sepharose fas. flow column of an appropriate stze and eluted us.ng a 
gradient of 0-2M NaCl in 25mM HEPES pH 7.4 over 20 column volumes. The 
fractions containing the pept.de. as shown by analytical reverse phase hplc, were 
pooled and applied directly to a preparative reverse phase hplc (Dynamax 83-22 1-C 
column) and eluted using an appropriate gradient of acetonitxile (0.1% TFA) in water 
(0.1% TFA) (typically 30-50% acetomuile over 20 nun). The fractions containing the 
desired peptide were pooled, the acetonitrile evaporated in vacuo and lyophilised. The 
LIP-peptides were desalted by eluuon on a Sephadex G25 superfine column 
(1.6x30cm) with 1% acetic acid in water. The resulting fractions were analysed by 
reverse phase hplc and those containing pure peptide were pooled and lyophilised to 
give the final peptide. 
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7. 1 .2 Synthesis of Palmiiyl-Polylysme 

Palmitic acid N-hydroxysuccin.mide ester (25.7 mg ) was added to a stirred solution of 
Poly-(£-Cb Z )-lysine (molecular weight approximately 2000) (97.3mg) in dry 
d.methy.formam.de (,.5mJ, The resulting so.ut.on was left to stir overnight at ,oom 
temperature. Water (49m.) was added and the resulting precipitate spun down The 
supcrna.ani was decanted off and discarded and the pellet was frozen and .yophi.ised. 

The remaining solid was dissolved ,n 30% HBr in acetic acid (6ml) and stirred for 
30m,n a, room temperature. Ether (44m.) was added and the resulting precipitate spun 
down. A second al.quo, of ether (30m. > was added and the pellet resuspended and spun 
down agam. The pellet was then taken up ,„ water (15ml) and lyophilised. 

7.1.3 Assembly of gene transfer complexes containing N-Palmity! Conjugates 

Lipid containing complexes may be assembled as described in Example 4 The l.po- 
pept.de may be mixed w„h ,he NBC condensing peptide solution prior to the addition 
of the pept.de mixture ,o the DNA so.ut.on. Alternatively the lipopeptide may be added 
to the complex after condensation w«h the NBC. before or after the dilution step pnor 
•o addmon to the cells. In these case, the complexes should be incubated overnight 
before addition of the lipopepude 



7. 1 4 Effect of N-Palrrutyl Pepudes on Transfection Efficiency 
7. 1 .4. 1 Targeted Gene Delivery 

Fig. 17 shows the effec. of N-palm,.oyl-NBC2 on transfection efficiency of a 
an ant,-CD7-NBC2 conjugate. Comp.cxcs u Crc made up as described in Example 4 
The DNA was first treated with conjugate such that 50% of the material was condensed 
as determined using the gel retardation assay. Various mixtures of unconjugated NBCl 
and N-Palmityl-NBCl were addedsuch that complete condensation was obtained. 
These complexes were then employed .n the standard assay system except thai 100 uJvl 
chloroquine was used. As can be seen from Fig. 17. extremely high transfection 
efficiencies were obtained in. the presence of 12.5% N-Palmityl-NBCl. An increased 
efficiency of over 40-fold was observed for this conjugate. 
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Fig. 18 shows data similar lo th ose shown in R ]? exc 
N-palmuoyNNBC! on transfection efficiency of a an am,-CD33-NBC2 conjugate ,s 



7. 1 4.2 Non-targeted Gene Delivery 

The transfection efficiency seen when cells are treated with complexes assembled w.th a 
baste residue to phosphate rauo of greater than 1 .0 (as described ,n Example 4 and 
shown ,n F,g 5) is increased Significantly by the incorporation of palmtrylated pept.de ,n 

the complex. 

Figure 19 shows that at an op„mal ratio of L.p2 to NBC2 car, boost transfection 
activity by > 2 orders of magnitude. Figure 20 shows that this effect is a common 
property of derivauzed peptides of low polyd.spershy. These data also shows thai 
pepudcs wh,ch have poor relative transfect.cn efficiency (e.g. NBC8) when denvauzed 
w.th an rwermmaJ palmityl group (e.g. L.p8) can form potent transfection agents ,n 
combination with other defined nucle.c acd condensing peptides of low po.vd.spersitv 
Th*. however. ,s not the case when these denvauzed peptides are used in combination 
w„h poly-L-Lys,ne (Fig 2 1 ,. m th.s case a denvauzed peptide of low polydispers.tv 
(L,p 1 3 » failed to enhance transfect.cn by a polymer of high polvdispers.ty (poly-L-' 
Lysine , Th.s figure also shows that pcly-L-lys.ne polymer denvauzed with an N- 
lernunal palrrutyl group as desenbed above, enhances transfect.on by DNA condensed 
wth pept.de of low polydispersny a, a s. f nificantly lower «2 orders of magnitude) 
level than a denvauzed pept.de of low po.ydispers.ty (L.pl 3). Th.s data also shows tha, 
a denvauzed polymer of high polyd.spers.iy d.d no, enhance transfection of DNA 
condensed with underivauzed polymer 

The optimal ratios for transfection vary according to the target cell ussue. Fig 22 shows 
the d.fferenttaJ transfecuon levels obtained w„h two different cell lines K56? and 
HepG2 and the same formulation L, P 2 ,n NBC2. In the case of K562 cells little boost 
m activity was observed whereas ,n the case of HepG2 the optima] rauo was 
> 1 -Oug/ug DNA in the formulation The optimum ratio for Jurkat cells is 0. 1 3-0.6ug 
peptide/u,g DNA. 

The presence of palrrurylated NBC peptides ,n the complex also confers higher 
resistance to inacuvauon by plasma. Figure 23 shows the effect on transfection 
efficiency of pre-incubatmg the synthetic virus like particle with varying amounis of 
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human plasma. The presence of L,p2 ,n the formulation clearly confers added 
^stance to this degradation. The NBC2 synthetic virus like partic.es were prepared 
essenua.ly as described above using a DNa formulation of 1.5 ug NBC2 and were 
diluted into 25 mM Hepes. 0.85 M sod.um chloride. p H 7.4 to a concentrate of ,0 ug 
DNA/ml. Li P 2 synthetic v.rus like part.c.es were prepared by mixmg 1.5 ug Ll p2/ ug 
DNA in 25 mM Hepes. 0 85 M sod.um chloride. pH 7.4. The symheiic VIm , ^ 
pannes were diluted ,nto an equal vo.ume of dilution/transfecuon med.um contammg 
50%. 25%. 10% and 0% freshly prepared human plasma and 100 uM ch.oroqu.ne. 
The solutions were then nuxed with 1 x .0* Jurkat cells ,n RPM1 contammg 120 uM 
chloroquine. After 4h the cells were centnfuged. the medium removed and the cells 
resuspended in 2.5 ml of RPM1 med.um coming 10% foetal caJf serum After 24h 
the cells were collected, washed in 25 mM Hepes. 0.85 M sodium chlonde pH 7 4 
iysed and the level of luciferase exprcss.on determined as described above. 

7 - Cholester yl Derivative 

7 21 Synthesis of Choles.rrvl NBCP iChn^.tmr]^) 
7.2.1.1. Oxidation of NBC 1 2 



41-2 mg (10.2 umol) NBC12 m 1.0 ml 50 mM .rrudazole. pH 6.9. were ox.d.sed bv 
the addition of 0.50 ml 0.1 M sod.um penoda.c prepared m the trrudazole buffer After 
5 mm reacuon at room temperature the re.cnon was stopped by the addit.on of 0 50 ml 
ethylene glycol (commercal solut.on) The med.um was acidified P H 3.0 using aceuc 
acd before purificanon by reverse pha.se HPLC. After lyophilisauon 30.0 mg oxid.sed 
NBC 12 were obtained. 

7.2.1.2. Synthesis of cholesteryl 3' oxycarbohydrazide from cholesteryl chloroformate 

To a vigorously stirred solution contam.ng 200 mg (450 umol) cholesteryl 
chloroformate in 8 ml 1:1 chloroform: methanol. 1.5 ml (20 mmol) hydrazine hydrate 
w ere added. After 1 h at room temperature a sample was taken for analysis by TLC 
whtch mdicated that the starting maienal (Rf = 0.45 in 8: 1 hexane: chloroform solvent 
system) had been convened completely to a product (Rf = 0.00). 3 x 10 ml water was 
used to remove the hydrazine from the organic phase . Finally the organic solvent was 
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evaporated and the white solid obtained washed with ethanol. The product was dried 
for 2 h in vacua. 1 10 mg of Cholesteryl 3 oxycarbohydrazide were obtained. 



IS. 



Correct synthesis was confirmed by clectrospray mass spectrometry and IR analys 
7.2.1.3. Synthesis of Chol 10 -NBC12' 



40 mg (90 u.mol) Cholesieryl 3oxycarbohydrazide were dissolved in 0.8 ml 
chloroform and added to 0.8 ml MeOH contam.ng 15.0 mg (3.8 jtmol) oxidised 
NBC 12 The reaction was left for 4 h at room temperature. The conjugate was isolated 
by preparat.vc reverse phase HPLC using an acetonitrile/water solvent system . 
containing 0. 1 % TFA. After evaporation of acetonitrile. the peptide conjugate was 
lyophihsed. 6.7 mg of conjugate was obtained, which was stored at -80°C. 

7.2.2 Biological Activity of Chol-NBC12' 

The ability of cholesieryl NBC 12 to condense DNA was checked as described in 
Example 4 The ability of this l.popept.de to promote gene transfer was measured by 
co-condens.ng RSVLuc plasrrud DNA w,th NBC9 at the following peptide ratios. ' 

DNA NBC9 LipoPcpt.de 

<M?> (Hg)"* (Mg) ^ 



0.15 Lip9 

0.1 Chor D -NBC12' 
0.4 Chol ,D -NBCl2' 
0.6 Chol ,D -NBCl2* 
1.0 Chol' D -NBCI2' 
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The formulaiions were prepared as follows: 

2 ug NBC9 per u.g of the final DNA amount required were mixed with the requis.te 
amount of DNA such that the f.nai DNA concentration was .00 u.g,ml. The amount of 
Choi- NBCI 2' ,o give the rcqu.rcd concentrate of .ip.dated pept.de was then added 
to .he complex and the complexes .ncubated for 1 h at room temperature. The buffer for 
all so.ut.ons was 0.6 M NaCI. 25mM phosphate buffer P H 7.4. After .ncubat.on 
ovem.ght a« 4»C the complexes were diluted to 20 ng/ml with a solut.on of 10% PEG 

1 0000. 1 50U.M chloroqu.ne and 37mM sodium chloride and 25mM sod.um phosphate 

buffer pH 7.4. 

The complexes were assayed for the eff.c.ency of luciferase gene transfer using Jurka, 
cells as desenbed .n Example 4. The results are shown in Fig 24. 



7 ? Mannosyl-lipid-Conjugates - 

Comb.naiions of l.pid and target.no hgand may also be attached to the nucleic acid 

binding peptide. 



7 3 L PrcP^P "f Manncsyla.ed Drnrinmer -NRm r^ i upaiP with a f j .„ g 
(Man4Dent-Nf t n->') 

This conjugate has a similar structure .o Man J Den2-NBC12' except the mannosylated 
lysme dendnmer ligand is separated from the nucle.c acid binding peptide by an eleven 
carbon hydrocarbon spacer. 

TMS-CI(4.9ml. 38.7mmol) was added to a stirred suspension of aminoundecanoic 
acid(3.9g,19.37mmol) in d.chloromethane(45.2ml) and the reaction was stirred for 
15mins at RT. N-ethyldi.sopropylarrune (5.8 1ml) was added to trie reaction and it was 
stirred for a further 1 5 min at RT then heated and refluxed for Ih. After cooling to RT 
9-nuorenylmethoxycarbonyl chlonde (Fmoc-CI; 5.51g, 21.3mmol) was added to the 
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surred solution and the reaction surred for further 2h. The reaction mixture was then 
poured ,n,o water and shaken where upon the Fmoc-amino-undecanoic acid precipitated 
between the layers and could be filtered off and dried in vacuo to give (4.21g. 
9.9mmol) of product. 

The lysme dendrimer Den, (Lysh-Gly-Gly-Tyr- aminoundecanoyl-Cys-was 
synthesized us.ng a Millipore 9050 Plus Pepsynthesiser running in extended cycle 
■node , 1 h couplings) w, lh TBTU / N-ethyld„sopropy.anune activanon and deprotecuon 
with 20% p.pend.ne ,n dimethyl formamide. Staning from Fmoc-Cys(Trt)-0-PEG-PS 
res.n. and w,th a four-old excess of activated amino acid to free amine group the 
peptide was synthesised sequem.aJly us.ng the following ammo acid denvat.ves Fmoc- 
ammo-undecano.c acid: Fmoc-0<„r,-butyl)-tyros.ne, Fmoc-glycine, di-Fmoc-lys.ne 
and Fmoc-N'-rm-butoxycarbonyl lysme. After the final coupling had finished the N- 
termmal Fmoc groups were removed using 20% Pipendme in diethylamide. 

The peptide was cleaved from the dried resin using reagent K (TFA, water 
phcnoKthioanisolclJ-ethanediihiol: 82.5:5:5:5:2.5) and purified by ion-exchange (SP- 

scpharosoand reverse phase hplc. 

To 15 mg f20umo])ofthedendnmerm 1 ml of a 1:1 acetomtrile: water mixture. 6 mg 
(1.5 molar equivalents) of 2.2-d.pyndvldisulph.de ,n 100 u.1 cthanol were added. After 
leav.ng the mixture for 5 min at room'femperature. the peptide was purified by HPLC. 

10 mo (13 umol) lyophihsed pept.de were dissolved m 1 ml of 1:1 acetomtrile: 0.1M 
borate, pH 9.0. The pH was adjusted to 9.0 by addition of NaOH. The peptide solut.on 
was then added to 95 mg 4-(a-D-mannop y ranosyloxy)- P henyl,soth,ocyanate d.ssolved 
m 1 ml of the acetonitrile/boraie soluuon The mannosylation was left to proceed at 
37"C for 16 h. 

The th.o] of the mannosylated pept.de was reduced by adding 20 mg solid dithiothrettol. 
The peptide was then purified by high resolution gel filtration. 

By using appropriate spectrophoiome;:ic assays, the mannosylated peptide was 
determined to possess, on average, between 3 and 4 mannose groups per peptide 
molecule. The glycosylated lipid dendnmer was conjugated to NBC12 in an analagous 
way to that described in 6.3.2. 1 . 
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7 3 2 Insulin -NBCM' ^-rhnl^ r ol Conf np^ 



'.3.2. 1 Synthesis 



A soluuon of thiocholesterol <0.5mg. 1 .24^mol) , n chloroform( lOOuJ) was added to a 
stirred solution of the Insul,n-NBCI4' Qmg. 0.24u.mol) in methanol (400^1). The 
reacuon was left to stir for Ih. a, RT then 17h at 4°C. The reaction mixture was then 
evaporated to dryness, red.solved in water and the precipitate removed by 
cen.nfugat.on. The supernatant was applied to a PD-10 column (Pharmacia) and eluted 
w.th water. 0.75mJ fracuons were taken and fractions 3-7 combined and concentrated in 
a vacuum centrifuge to a volume of 1 .5ml. The concentration of the final product was 
determined to be 0.39mg/mJ(44.5uM) by its UV absorbance(0.23) at 275nm. 
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Example ft 
Fusopenjc Peptid e.NBC Conjugates 

8. 1 Synthesis of Influenza HA Pepiide Conjugates 

A functional group is conjugated to a pepiide of the invention as follows. One 
representee functional group is a fusogenic peptide. A fusogen.c peptide (FPI3) 
derived from the Influenza HA may have the sequence: 

NH.-GLFEAIAGFTENGWEGMIDGGGC (Acm) - COOH 

8.1.1 Synthesis of H,N-FPI3- (S-acetamidomethyl-Cys) -COOH 

The peptide was synthesized using a MilUpore 9050 plus peptide synthesizer ,n 
extended synthesis cycle mode (1-hour couplings). Fmoc-Cys(Acm)-0-PEG.PS resin 
(Persepuve Biosystems Ltd.) was used After deprotection of the Fmoc group, using 
209r piperidine in dimethylformarrude. the subsequent amino acids were coupled in 
four-fold excess using 0-(lH-benzomazol-,-ylMetramemyluronium tetrafluoroborate 
jrTBTU)/l-hydroxybenzotnazole and N-eihyl-d..sopropylamine as activaung agents 
After the synthesis of the pepiide was fin.shed. the N-tenmnaJ Fmoc group was 
removed as described above to g.ve the free N-terminaJ amino side chain protected, 
peptide bound to the resin. This was cleaved from the resin using a TFAywater/phenol/- 
ih,oan,sole/1.3-ethaned,lhiol (82.5:5:5:5:2.5. mixture. Following precipitation with 
ether and centrifugation the peptide can be purified using gel filtration to g.ve the 
desired product. 

The acetamidomethyl (Acm) thiol protecting group on the peptide may be 
removed using mercury (II) acetate w,ih water/acetonitrile (1:1; 0.1% TFA) as solvent 
followed by precipitation of the mercury with 2-mercaptoethanol. The resulting free 
thiol peptide can be purified using gel filtration to give the desired product. 



8.1.1.2 Synthesis of FPI3-NBC2 10 

NBC2 (thiol form) was synthesized by a standard solid state method and 
purified by hplc as described in Example 2. The peptide was treated with a 50 molar 
excess of 2.2'-dithiopyridyl disulphide and the S-pyridyl derivative purified by gel 
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31 



filtration. A 5x molar excess of this intermediate was then reacted with the reduced thiol 
of the deprotected fusogenic peptide and the conjugate isolated by ion-exchange 
chromatography. 



8.1.1.3 Synthesis of FPI3-1 JBC12 1 

The FP1 was denvauzed with a two molar excess of bromoacetyl-hydraz.de 
wh.ch places a hydrazide residue on the C-terminal thiol. After purification by hplc this 
FP1 intermediate was reacted with a 5 x molar excess of periodate oxidized NBC12 
NBC 1 2 was oxidized by the method described in Example 7.2.1.1. The resulting 
conjugate contains a hydrazone linkage between the FP and NBC2. Theoretically this 
linkage is acid-labile, and will be broken under the acidic conditions in the endosome 
releasing free FP1 from the condensed DNA-conjugate complex. Alternatively the 
hydrazone group may be reduced with sod.um borohydride to a stable hydrazide bond 



8. 1 . 1 .4 Synthesis of a fusogenic peptide containing a C-terminal protease- 
cleavable sequence FPI3. 



The sequence of FP13 is : 



N H,-GLFEAIAGFIENG WEGM I DGGG F* LGEGGSC-COOH 

This peptide was synthesized by standard solid phase automated methods as described 
in Example 8.1.1. 

Demonstration of Endosome Protease Cleavage of FP13 

The protease-cleavable sequence "GFLG" (Gly-Phe-Leu-Gly] present in the amino acid 
sequence of the peptide FPI3 (see above) was cleaved using the aspanic protease 
Cathepsin D. Othespsin D activity is found in the endosomal compartment. 
Complexes containing conjugated FPI3 peptide may have increased transfection 
efficiency compared to those containing conjugated FPI3, since in theory the FPI3 
sequence would be cleaved in the endosome. thus allowing the peptide to fuse with the 
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endosomal membrane. The free peptide has been shown to have high fusogenic activity 
[Wagner ei al [1992] Proc.Natl.Acad.Sci U.S.A. 89, 7934-38. 

The peptide was cleaved rapidly at pH 5.0 and very slowly at pH 7.0, as monitored by 
gel filtration analysis of the cleaved peptide. 

The peptide bond (♦) between the phenylalanine and leucine of the "GFLG" sequence 
is hydrolysed by Cathepsin D to give iwo fragments of molecular weight 2370 and 
622. The larger N-terrrunal fragment has an absorbance at 280 nm but the smaller 
fragment does not. The cleavage reaction can therefore be monitored by measuring the 
A M0 of the eluent obtained from high resolution gel filtrauon. 

450 jil of 1 mg/ml peptide solution in 0.15 M NaCl was prepared using either 50mM 
sodium citrate, pH 5.0; 50mM sodium curate, pH 6.0; or 50mM HEPES, pH 7.0. 
After preincubation at 37°C 50 nl of Cathepsin D (EC 3.4.23.5) in water (1 mg/ml; 5- 
15 uniis/mJ) were added and the solution mixed. [ One unit will produce an increase in 
A 2B0 of 1 .0 per min per ml at pH 3.0 at 37"C measured as TCA-soluble products using 
haemoglobin as substrate ( 1 cm light path). After 30 and 90 min at 37°C 100 p.1 sub- 
samples were taken for immediate analysis by hjgh resolution gel filtrauon using a 
Superdex Peptide HR 10/30 column (running buffer. HBS; flow rate, 0.75 ml/rrun; 
detection at 280 nm). 

By analysing the A 3g0 elution profile obtained from gel filtrauon each sample, it was 
found that the cleavage reaction was rapid at pH 5.0 and slower at pH 7.0. 



pH 9r peptide cleaved after: 

0 min 30 min 90 min 

5.0 0 80-85 95-100 

6.0 0 30-35 

7.0 0 |-5 
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This peptide may be conjugated to NBC peptides by the methods described in Example 
8.1... 8.1.2 and 8.1.3. H 
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Example 9 

Delivery of Rnrvmir Funrtmnglities m r»iic 

i)A Conjugation of Hnr^ radish Peroxidase in NBH 

10 mg horseradish peroxidase was dissolved in 2 ml sod.um acetate pH 5 Sodium 
penodaie was added to 10 mM and the solution was left at room temperature fro 1 hour 
The solution was desalted and the buffer exchanged to 25 mM MES pH 6 on a 
Pharmaca PD 10 column. 2 mg NBC2 was added and the solution was left at room 
icmperature for 1 hour. Sodium cyanoborohydride was added to 10 mM and the 
solution was left for 2 hours At the end of this time glyc.ne was added to 10 mM. the 
solution was left for a further 2 hours before d.alysing overnight against 2 L 25 mM 
phosphate pH 7.4. 

The conjugate was purified on a SP-sepharose column. The column was equilibrated in 
2.- mM phosphate P H 7.4 and the crude conjugate loaded. Unconjugated horseradish 
peroxidase washed straight through the column. The conjugate was eluted with a salt 
grad.en. of 0- 1 .5 M. The brown coloured fractions from the gradient were pooled and 
loaded onio a Sephacryl S-300 column equilibrated in 25 mM phosphate pH 7.4: 0.6 M 
NaCI. Once again the brown coloured fractions elut.ng from the column were pooled ^ 
The puriHed conjugate was too dilute for use straight from the column. Therefore ,t 
was dialysed against three changes of 5 L of distilled water and then freeze dried. The 
resulting powder was dissolved .n approximately 0.8 ml water and filtered to remove 
insoluble material. 

9.2 Transfection and Assay for Enzyme Delivery 

The transfection assay described in Example 4 using Jurkat cells was employed with the 
following deviations from the generic method. 50u.g DNA were condensed in 0.6M 
sodium chloride. 25mM sodium phosphate buffer. pH 7.4. 2% PEG 10 000 with 
2.5mg of conjugate. After incubation overnight at 4°C the complex solution was diluted 
1+4 with a solution of 37mM sodium chloride, 25mM sodium phosphate buffer, pH 
7.4. 10% PEG 10 000 containing Lipl3 at a concentration of 0.15u.g/u.g DNA. As 
usual 2.5u.g DNA per assay point (2x I0 6 cells) were used. 
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After 24h .he ceUs were f.xed ,n 0.5% glutraldhyde for 10 minutes at room temperature 
The cells were then washed w,, h phospnate buffered ^ The ^ were 
w.0. Vectar Labs AEC (Vectar Labs Inc. Burhngaeme. CA. U.S.A.) for lOmu, The 
sta.ned cells were exanuned under an opt.cal rrucroscope x20 magnification. The 
damp.es treated with the conjugate showed a del.very frequency of approximate^ 20% 
as cvdenced by comp.ete black sta.nmg of ,he cells .nvolved. No blacj staimng was 
observed in the control sample. 
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Example 10 

Gene Transfer using Nuclear tronir «^ n s f er rnmp i,v,c 

Incorporation of peptide sequences which are known to control the import of protons 
and nucleic acid-protein complexes can increase levels of transfection. These sequences 
can euher be incoporated in the condensing peptide structure (NBC1 and NBC2) or in 
peptide domains which can be conjugated to condensing peptides. 

1 0. 1 Effect of Nuclear Localization Sequences Incorporated into Condensing 
Peptides. 

NBC2 contains the S V40 T antigen nuclear localization signal. This sequence is known 
to promote the nuclear localization of proteins which contain the sequence (Roberts B 
< 1989, B.ochim. Biophys. Acta 1008. 263). Pept.de NBC5 has an identical structure to 
NBC2 except the sequence of the nuclear localization sequence is reversed. Reversal of 
the sequence motif is known to abolish nuclear localization properties. 

The relative transfect.on potencies of NBC2 and NBC5 were compared in the standard 
non-targeting transfection assay (as described in Example 4) using Jurkat cells. 
Complexes were assembled in 0.6M sodium chloride with a ratio of 2ug NBC2 or 
NBC5^/ u.g pRSVLuc plasrrud DN'A. O.ISug Ll pl 3 were'added to each complex 
before dilution in order to promote transfection 



Results 

Complex Luciferase Activity 

Duplicate 1 Duplicate 2 

NBC2+Lipl3 3.280.572 3,332.902 
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NBC5+Lipl3 935,883 



878.306 



10.2 Synthesis of M9-NBC2 

M9 includes the nuclear localizauon domain of hnRNP Al. The sequence of M9 

is as follows: 

M9 NHj-TGNYNNQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNOGG 
YC-COOH 

The sequence was modified by the addition of an N-terminal threonine residue and a 
C-terminal cysteine residue to permit chemical coupling to NBC2. The peptide was 
synthesized us.ng a Milhpore 9050 plus peptide synthesizer in extended synthesis cycle 
mode ( 1 hour couplings). Fmoc-Cys(Acm)-0-PEG-PS- was used. After deprotection 
of the Fmoc group, using 20% piperidine in dirnethylformamide, the subsequent amino 
acids were coupled in four-fold excess using 0- 
nH-benzoiriazol- 1 -ylMeiramethyluronium letrafiuoroborate 

(TBTUVl-hydroxybenzotnazole and N-ethyl-diisopropylarrune as activating agents. 
After the synthesis of the peptide was finished, the N-terminal Fmoc group was 
removed as described above to give the free N-terminal amino side chain protected 
pept.de bound to the resin. This was cleaved from the resin using a TFA / water/phenol/ 
th.oan.sole/1.2-ethanedith.ol (82.5:5:5:5:2.5) mixture. Following precipitation with 
ether and centrifugation. the peptide can be purified using gel filtration to give the 
desired product. 

The acetamidomethyl (Acm) thiol protecting group on the peptide may be 
removed using mercury (II) acetate with water/acetonitrile (1: 1; 0.1% TFA) as solvent 
followed by precipitation of the mercury wuh 2-mercaptoethanol. The resulting free 
thiol peptide can be purified using gel filtration to give the desired product. 

Coupling of the M9 sequence to NBC2 is best achieved by oxidation of the M9 
sequence with periodate to form an N-terminal aldehyde functionality. The thiol of 
NBC2 is deblocked and reacted with bromoacerylhydrazide. The hydrazide of NBC2 is 
then reacted with oxidized M9 and the conjugate purified by hplc. 



10.3 Synthesis of Conjugates of HIV Matrix Protein and NBC12 (MAT 1 -NBC 12) 
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HIV is a retrovirus which is able to infect non-dividing cells. The HIV Matrix protein is 
one of the prote.ns responsible for this property and the protein has two nuclear 
localization sequences and is thought to be responsible for transport of the virus 
through the nuclear pore (GaJlay et al. (1995) Cell 80. 379; (1996) 83. 859) The 
sequence motifs thought to be responsible for the effect have been coupled in the des.gn 
of a synthetic , eptide sequence called MATl which has the following structure: 

H-Thr-Gly-Lys-Lys-Lys-Tyr-Lys-Leu-Lys-His-Ue-Val-Lys-Ser-Lys-Lys-Lys-Ala- 

Gln-Gln-Ala-Ala-AJa-Asp-Thr-Gly-H 1S -Ser-Ser-Gln-Val-Ser-Gln-Asn-Tyr-Cys(Acm). 
COOH 

The peptide was synthesised using a Biosearch 9050 plus Pepsynthesizer in 
extended synthesis cycle mode using Fmoc-Cys(Acm)-0-PEG-PS-Resin with DMF as 
solvent. Deprotect.on of the N-tenrunaJ Fmoc-group before each coupling was achieved 
using a solution of 20% piperidine in DMF( lmin at a high flow rate followed by 10 min 
ai 3ml/min>. The amjno acids were coupled in four fold excess using O-dH- 
benzotriazo- ! -yi Hetramethyluronium teirafluoroborate (TBTU)/l-hydroxybenzotnazole 
and N-ethyldnsopropylamine as act.vatmg agents. The coupling times were set at lhour 
throughout the synthesis. The following amino acid derivatives were used: Fmoc-Ala- 
OH. Fmoc-AsnfTrO-OH Fmoc-Asp(0'Bu)-OH. Fmoc-Gln(Trt)-OH. Fmoc-Gly-OH. 
Fmoc-HisfTrD-OH . Fmoc-Ile-OH. Fmoc-Leu-OH. Fmoc-Lys(Boc)-OH. Fmoc- 
Ser('Bu)-OH. Fmoc-Thr(*Bu>-OH. Fmoc-Tyr('Bu)-OH. Fmoc-Val-OH. After the 
synthesis of the peptide was complete, the N-tcrminal Fmoc group was removed as 
described above to g^e the free ammo, side Cham protected, peptide bound to the res.n. 
The resin was then washed into a glass vial with methanol and dried in vacuo. 

The peptide was cleaved from the rem using a TFA/water/phenol/thioanisole/1.2- 
ethanedithiol (82.5: 5: 5: 5: 2.5) mixture ( 1 0ml of mixture for every gram of resin to be 
cleaved). The resin was then removed by nitration and washed 3 times with TFA. 
The combined filtrate and washings were concentrated by evaporation then precipitated 
using diethyl ether followed by centrifuganon to give the crude peptide. 

The crude peptide was dissolved m a small amount of 1% acetic acid in water and 
applied to a Sephadex G25 (superfine) column of an appropriate size and eluted using 
the same 1% Acetic acid solution. The fractions containing the peptide, as shown by 
analytical reverse phase hplc, were pooled and lyophilised. Further purification was 
achieved by preparative reverse phase hplc using a Dynamax 83-22 1-C column and an 
appropriate gradient of Acetonitnle(0.1% TFA) in Water(0.1% TFA) over 20 min. The 
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fractions containing the peptide were pooled, the acetonitrile evaporated in vacuo and 
lyophilised. 

The peptide was then desalted by elut.on on a sephadex G25 superfine column 
(1.6x30cm) with 1% acetic acid in water. The resulting fractions were analysed by 
reverse phase hplc. pooled and lyophilised as above. 

The acetamidomethyl protecting group on the cysteine resin may be removed by 
ireatmen. with Mercunc acetate in 30% acetic acid water. The product of this reaction 
may then be further purified by gel nitration on G25 as described above. The free thiol 
group may the be used as a handle to attach the pepude via a linker to an NBC. 
Alternatively oxidation of the N-terminal threonine moiety with periodate, as described 
for NBC 12. furnishes the N-terminaJ glyoxaJ derivative which can be coupled to an 
appropriate peptide hydrazide 



10 4 Synthesis of conjugates of the antenapedia homeodomain and NBC 12 (ANTl- 
NBC12) 

The homeodomajn of the Antcnnapedia gene product has been shown to have nuclear 
localization properties (Derossi et al [1994] J.biol.Chem. 269. 10444). The sequence of 
the domain thought to be responsible for th.s property has been identif.ed and is 
incorportated in the following peptide: 

H-Thr-Glu-Arg-Gln-lle-Lys-Ile-Trp-Phe-Gln-Asn-Arg-Arg-Met-Lys-Trp-Lys-Lys- 
Glu-Asn-Cys-COOH 

The pepude was synthesised using a Biosearch 9050 plus Pepsynthesizer in 
extended synthesis cycle mode using Fmoc-Cys(Trt)-0-PEG-PS-Resin with DMF as 
solvent. Deprotection of the N-terminaJ Fmoc-group before each coupling was achieved 
using a solution of 20% piperidine in DMF( lmin at a high flow rate followed by 10 min 
at 3ml/min). The amino acids were coupled in four fold excess using 0-(lH- 
benzotriazo-l-yl)-tetramethyluronium tetrafluoroborate (TBTU)/l-hydroxybenzoiriazole 
and N-ethyldiisopropylamine as activating agents. The coupling times were set at lhour 
throughout the synthesis. The following amino acid derivatives were used: Fmoc- 
Arg(Pbf)-OH. Fmoc-Gln(Trt)-OH. Fmoc-Glu(0 , Bu)-OK. Fmoc-Ile-OH. Fmoc- 
Lys(Boc)-OH. Fmoc-Met-OH Fmoc-Phe-OH. Fmoc-ThrCBu)-OH, Fmoc-Trp(Boc)- 
OH Fmoc-VaJ-OH. After the synthesis of the peptide was complete, the N-terminal 
Fmoc group was removed as described above to give the free amino, side chain 
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protected, peptide bound to the resin. The res.n was then washed into a glass via] with 
methanol and dried in vacuo. 

^ TT, r c ?< dCaVCd ^ rcSm USmE 3 ^A/water/pheno^th.oan.so.e/l^- 
ethanedithio (82.5: 5- 5- 5- 2 5> mi*fnr*. i irw,i c r 

n,™ mmUrC f ° r ^ e fam of r «m to be 

cleaved). The res.n was then removed by filtration and washed 3 times with TFA 

The combined fi Urate and wash.n,, were concentrated by evaporation then precipuated 
usmg diethyl ether followed by centnfugat.on ,o give the crude peptide. 

The crude pept.de was dissolved ,n a smaJl amount of 25mM ammonium b.cartonate ,n 
water and applied to a Sephadex G25 (superfine) column of an appropriate stze and 
e uted us,ng the same 25mM ammonium bicarbonate :n water. The fractions containing 
•he pept.de. as shown by analytical reverse phase hplc. were pooled and lyophil.sed. 

The ,h,o. group may be blocked/*.,^ a, thus stage with Dipyndy.disulph.de if 

desired r 



Funher purification w,s achieved by preparative reverse phase hplc us.ng a Dynamax 
^---!-C column and an appropriate gradient of Aceiomtrile(0. 1 % TFA) ,n 
*a.er(0.l* TFA). The fractions containing the peptide were pooled, the acetorutrile 

evaporated in vacuo and lyophilised 

The pcpt.de was desaJted by e.ut.on on a sephadex G25 superfine column (1 6x30cmo 
w,th 25mM ammonium b,carbona<e ,n water The resulting fractions were analysed bv 
reverse phase hplc, pooled and lyoph.l.scd as above. 

Oxida,on of the N-termmaJ threonme mo.cy w.th periodate, as described for NBCP 
furnishes the N-termmaJ glyoxa. denvauve wh.ch can be coupled to an appropria* 
peptide hydrazidc. 
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Example jl 

Preparation of neutral hvrtophilic nolvm^ n - thrtjr ^ 

like nartirUc 



Neutral hydrophi.l.c polymers such as PEG arc known to effect the ,„ ww stabil.ty of 
pan.cles and prote.ns ,n the b.ood stream. Incorporate of such polymers wou.d 
therefore be of advantage ,n the development of parenteral gene dehvery systems. 

H I Synthes.s of randomly der.vat.zed PEG Nucleic acid condens.ng peptides 

100 mg of iys.ne nch NBC pept.de s or E-arruno blocked denvatives are 
dissolved ,n .00 ml of 25mM borate buffer. pH 8.8. The soltd pegy.at.on reagent 
monomethoxy-po.yethy.enc.glycol.p- nurophenyl carbonate, is weighed out to provide 
a Mold molar excess of reagem over avaHablc a- or e - amino groups and d.ssolved tn 
100 ml water. The reagen, soluuon ,s then added to the pepude solution and the rruxrure 
mcubated for 3 hours a, 37-C. A, the end of th.s penod. the reacuon ,s quenched bv 
add,t 10 n of 10 ml of .00 mM ethano.am.ne. The pegylated peptide ,s purified bv catton 
exchange chromatography as described , n Example 2. and mcorporated into the 
syntheuc virus like particles as desenbed ,n Example 4. The amount of pelted 
pept.de required to increase the ,„ ,,,n .ran.fcct.on will vary w.th the cell rvpe of the 
target cell. 

I 1 .2 Preparation of a Defined PEG Conjugate PEG -NBC12 ,S 



A maleurude derivative of monomethoxy-PEG^ntf EG-MAL) was obtained from 
Sheatwater Polymers Inc.. Huntsville. AI. U.S.A. and has been used to prepare a 
totally defined PEG-NBC9 conjugate The single cysteine thiol of NBC 1 2 was 
deprotected and reacted with the male.mide function on the PEG as follows- mPEG 
MAL was added at a 5-fold molar excess to 1 5 mg of the thiol form of NBC 1 2 in 
25mM HEPES buffer. 0. 15M sodium chloride ( P H 7.4). The reaction was left at 25»C 
for 16h. 
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The following purification procedure was followed. A clear separation of free NBC 12 
and PEG^ can be obtained using a gel permeation (Sephadex G-50) column Gel 
permeauon was therefore used to separate any unreacted NBC9 from the conjugate and 
unreacted rnPEG-MAL. Cat.on exchange on SP-Sepharose was performed to separate 
unreacted mPEG-MAL from NBC 1 2-S-M AL-PEG conjugate. A preliminary 
experiment confirmed that unreacted mPEG-MAL did not bind to the SP-Sepharose 
The pure conjugate was desalted and lyophilised. 



The conjugate ,s "heaver" h y Superdex Peptide analysis thai, NBC12 That the 
conjugate ,s covalent.y linked is supported by evidence from gel filtrauon with the 
Superdex Peptide column using 6M Guanid.ne.HCl as running buffer 



1 1.3 



Synthesis of a defined PEG-conjugate capable of targeting to glycosy. receptors 

The presence of a PEG coat.ng on the dehvery complex (covalently linked) inhibits 
non-specfic gene transfect.on (data no. shown). For in vivo utility it is therefore 
.mponan, to incoporate any targ e„ng hgand on the PEG polymer itself. In this wav the 
hgand will be free of stenc h.nderance from the condensed DNA and shielding from the 
PEG group itself 

Conjugate wh.ch mvolve the mannose receptor hgand are described in Example 6 3 - 
Ahgand similar to Man.Den5-NBC12, bu. w, th a PEG spacer group was synthesized 

as follows: ^ 

A two fold excess of FmocNH-PEG(3400>-COOH ,s coupled to the HMB-PS resin 
using DCC and DMAP and recrculat.ng overnight. The remamtng amino acids (Fmoc- 
Gly-OH. Fmoc-Lys(Fmoc)-OH. Fmoc-Ser <0< Ac,.m.nn))-OH and Fmoc-TyrCBu)- 
OH) are coupled in four-fold excess using the standard 1 hour coupling cycle with 
TBTU/N.N'Hsthyldiisopropylarrune activation and deprotection using 2% DBU in 
d.methylformamide containing 2% p.pendine. After removal of the N-terminal Fmoc 
group on the completed res.n bound peptide is treated with a solution of TFA/Water 
95:5 for Ih. The peptide is then cleaved from the resin by stirring in a solution of 10ft 
hydrazine ,n methanol for Ih. The glycopeptide was then be purified be reverse ph 
hplc. desaJted and lyophilised. The sugar protecting acyl groups are removed as 
described in 6.3.2.2. 



?0 
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Example p 
Formulation of tho r ^ ne Deiiv^y 



ex 



The formulation approad, described in Example 4 and used for in vitro assay ,s not 
.deal for use as a pharmaceutical agent as this method (a) involves careful assembly of 
.he gene dehvery complex jus, before use and (b) limits the DNA concenirauon to ' 

Two alternative types of formulauon which do not requtre completed preparation 
procedures and which are stable have been developed : these types of formulauon are 
called H.gh Salt Formulauon and Isotonic Formulauon. The Isotonic formulations 
requ.re dilution with a soluuon. "the Diluent" just before administration. One of the 
major d.sadvantages of other methods of non-v.ral gene therapy, such as those 
mvolvmg the use of cationic liposomes or naked DNA is that the final product is no. 
easily filler sterilized. This results in a requ.rement for aseptic processing during 
manufacture: an extremely expensive operation. The invention described here allows for 
easy filter sterilization by methods commonly used and validated in the pharmaceutical 
industry. 

The H.gh Salt Formulauon ,s an ,„ vivo formulation which involves direct injection of 
a hypertonic solution of the gene dehvery vehicle. This formulation is therefore limited 
to d.rect injection of relatively small volumes <5ml into e.iher specific tissues such as 
tumour tissue or i.v. 

The Isotonic Formulation is useful for injection of large volumes or in ex vivo 
therapies. 

12.1 Preparation of High Salt Formulations 

These formulations contain 0.3-0.6mg/ml DNA and involve initial mixing of the 
requisite amount of condensing peptide or peptides (0.3-1.2mg/ml) with the DNA in 
the presence of 0.5- IM sodium chloride containing buffer [ a physiologically acceptable 
buffer such as 25mM phosphate or HEPES], pH 6.5-8.0. 

In the case of the HHS high sail formulations only the underivatized condensing peptide 
is added to the DNA. After incubation at 4°C for 16h other peptidic components and/or 
chloroquine are added as a concentrate in the same buffer. 
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In the case of the THS high saJ, formulae all peptide components are added at the 
same time in the presence of buffer containing PEG (3000-10000). The PEG 
concentration is optimally 2% at a saJt concentration of 0.6M and the DNA 
concentration 250ng/mJ. These parameters were defined using the luciferase reported 
gene assay on Jurka, cells by varymg the PEG and salt concentration (F.gure 24) and at 
a fixed concentration of 2% PEG varymg the DNA and sal, concentration (F,g 25). 

This formulation is particularly useful for the preparat.on of complexes which contain 
components wh.ch bind to filtration membranes. It has been shown that the presence of 
PEG 3000- 10000 prevents irreversible adsorption of L,pl3 to the filtration membrane. 

12.1.1 Preparation of a High Sal. Formulation of pRSVLuc : Formulation HHS 

The following solutions were prepared: 

a) 800ng/mJ of plasmid DNA in 0.7M sodium chloride. 25mM HEPES pH 7.4 

b) 1 .6 ms/ml NBC2 in 0.7M sodium chloride. 25mM HEPES. pH 7.4 

c) lmg/ml Lip2 in 0.7M sodium chloride. 25mM HEPES. pH 7. 

d) lOmM Chloroquine in 0.7M sodium chloride. 25mM HEPES. pH 7. 

The NBC2 solution (1 vol) was slowly added to the DNA solution (1 vol) with agitation 
us.ng a IKA-Schuttler MT4 machine | 300rpm ] at a rate of 0.1 vol per minute. This 
operation was carried out at room temperature. After incubation for Ih at room 
temperature the complex was stored overnight ai 4°C. 

0.1 2ml of Lip2 solution per ml of complex was then added to the complex with 
agitation followed by 0.0I2mJ of lOmM chloroquine solution per ml of complex 
solution. The complex was then incubated at 37°C for 30minutes and filter sterilized. 



12.1.2. Preparation of a High Salt Formulation of pRSVLuc : Formulation THS 

The following solutions were prepared: 

a) 500u.g/ml pRSVLuc DNA in 0.6M sodium chloride. 25mM sodium phosphate P H 
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7.4 and 2% PEG 10 000 

«U. a s „a„o„ ^ . 1KA . Schu „ |cr MT4 m ^ DNA 

™ U ,e. ope.,,. , ou , „ - - ° ' — 

Kmpera.ure , he compex was fife, sKril^d. re - After Ih at room 



12.2. Isotonic Formuiati 



on* 



1^^.^" ^ — - — - ■ -H ro muia „ on a„ d 

ib, ,0r °" ,b<><!S,m,ra " !f «>'On P o,e„cy(F, g ur e 26a 



^Z^::::;:z7:;™r y r, NBC9 s — *- 

uul /f P£G was as follows mppq 

5oor r t b ° ne cm ~* y2s% pe ° 8000 « «— * 

.**« using s,™ ^icr^itr,"" iigh ' ™ g 
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Tabic I 



Panicle Diameter in nm 



SC3n N ° 0 8M Na CI 0.8 M NaCl - 3.257, 

PEG 



I 


82.5 


10.8 


-> 


I7X 


I 1.1 




139.3 


10.5 


4 


96.1 


10.6 


5 


83.2 


10.6 


6 


76.7 


10.8 


7 


87.6 


10.2 


8 


85.5 


1 1.4 


9 


23! 


1 1.9 


10 


82.5 


1 1.8 



anon 



Averapc 52.2nm 1 1 .0 +/- 0.6 nm 

Size 

Th,s experiment shows that in the presence of 3.35% PEG m the high salt formul 
the gene delivery panicles are significantly more compacted and regular shape. 

12.2.1 Isotonic Formulation PEG 1 

-A 

The following solutions were prepared 

a) 0.2mg/ml pRSVLuc DNA m 2SmM sod.um phosphate buffer, pH 7.4 containing 
0.6M sodium chloride and 2<7c PEG 10 000. 

b) 0.4mg/ml NBC13 and 0.12mg/ml Lip! 3 in 25mM sodium phosphate buffer, pH 7.4 
containing 0.6M sodium chloride jnd 29r PEG 10 000. 

c) 10% PEG 10000 in 25mM sodium phosphate buffer, pH 7.4 containing 37mM 
sodium chloride and 150^M chloroqume 

An equal volume of the DNA was added to the peptide solution at a rate of 0. 1 vol/ 
minute with mild agitation. This complex concentrate was then incubated at room 
temperature for lh, filter sterilized and stored at 4°C until required for use. 
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Prior to assay or injecuon the concentrate was diluted with the PEG , , , 
of gene complex concentrate : 4 volumes of PEG dHuen The d f T ^ 
then used within 24h. 6 dliuted P re Pa™«on 



was 



12.2.2 Isotonic Formulation PEG 2 

a» 0.2mp/ml pRSVLuc DNA m 25mM HEPES buffer nH 7 4 

chloride and 2% PEG 1U 000 containing 0.6M sod.um 

b) 0.4mg/ml NBCI3 in 25mM HEPES buffer nP ~i a 

chlor.de and 2% PEG 10 000 """""""^ ° 6M S ° d ' Um 

c PEG ,0000, 0.3, p/ml Llpl3/rr , lngM human semm albumin. 50, g/mJ 

human transferrin and 120mM ch.orooume ,n RPMI , 640 culture medium. 
An eoual volume of lhc DNa _ ^ ^ ^ 

-nute w llh m,.d a g ,.t,o, Th.s comple* conccn.ate was then incubated" Z 
.cm P era,ure for In. f.lter Slcnll2ed and slorcd „ ^ ^ ^ ^ ^ 

Pnor ,o assay or mjecon the concentrate was diluted w,th the PFr c„. 

of pene complex concentrate 20 volume* of PEG d Hue The d , j ' 

.hen used w„hin 24h dllUtCd P rc P arat '°n was 
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Example p 

SheHLStabilhv r g --. Hlrf1 ~ 

Particl^ 1 lkf ^ enp DHivery 

A scries of formulations of pRSVLuc DN A u,^r» „ ' 

efficiency us,„ c Ju^^Tdt ^ "" "™<°"™ 

The formuiauons tested are as follows 
Stability Coi^pl^c 




-A 
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S J 6 



NBC13 2ug/ue" 
LIP13 BHS 
J00ng/mJ 
0.6 M NaCl 
2% PEG 10000 
+4 *C 



0.15 ng/ng 



NBC 13 2 ug/u c ' 
LIP 13 b 
100ng/mJ 
0.6 M NaCl 
2% PEG 10000 
-20 'C 

NBC 13 2 ug/ug" 
LIP] 3 S 
100 |jg/mJ 
0.6 M NaCl 
600 [iM chloroquine 
+4 *c 



o!T57ri7^g~ 



0T5lIg7^g~ 



NBCI3 2ug/ue" 
LIP 13 
J00ug/ml 
0.6 M NaCl 
600 uM chJoroqume 
-20 *C 



0.15 ug/^g 



IOOug/mJ 

0.6 M NaCl 

600 M-M chloroquine 

2% PEG 10000 600 

chloroquine 
*4 'C 



IO0u.g/mJ 
0.6 M NaCl 
2% PEG 10000 
600 uJvl chloroquine 
-20 *C 



O 0000 or 8000) immediaiely 
before use. 7 



S16-S19 are diluted 1/5 with 
37.5 raM NaCl; 25 mM 
phosphate pH 7.4; 10% PEG 
(10000 or 8000) immediately 

before use. 



F.gure 27 shows that ,n all excep, ,w 0 cases the formulations are stable. 
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Esnmplf f 4 
Delivery of Olit»onurli»nttri CT tn ffr^ 
The invention encompasses the delivery of oligonucleotides to cells in an analogous 
manner to plasmid DNA. Two 1 7 base oligonucleotides were synthesized: 
BcI2S-B10 

5-GCGCACGCTGGGAGAAC-3' 
Bel AS-B10 

5-GTTCTCCCAGCGTGCGC-3' 
Each oligonucleotide was synthesized on a phosphorothiolate backbone and was 
labeled with biotin in the 5' position. These oligonucleotides were obtained from R&D 
Systems Europe and relate to the 35-5 1 base coding region of the human BC12 gene (Cleary et 
al.. ( 1986); Cell 47. 19-28); BC1-2S-B10 is a sense sequence oligonucleotide and BC1-AS- 
B 1 0 is an antisense oligonucleotide The latter oligonucleotide would be expected to interact 
with the natural human BCI-2 gene and by mhibhing BC1-2 gene expression induce apoptosis 
in rumorigenic cell lines such as Jurkat 

Debvery of oligonucleotides was demonstrated by formulating BC1-2S-B10 and BC1- 
AS-B 10 into a synthetic vims- like panicle, as taught herein, and visualizing delivery to Jurkat 
ceUs 

The oligonucleotides were condensed with 2ug NBC13/lug oligonucleotide ( 1 OOug 
obgonucleotides/ml) as described m Example 4 with ^following modifications The buffer 
was 25mM sodium phosphate pH 7 4. 0 6M with respect to sodium chloride. After 16 h at 
4.0°C. the complex was dilated to 20ug ohgonucleotide/ml in 10% PEG 10,000, 37.5mM 
sodium chloride, 25mM sodium phosphate buffer pH 6.5 comaining 120um chloroquine 
0. 1 5ug Lip 13/ug oligonucleotide DNA 1 x 1 0 6 Jurkat cells per point were transfected with 
2.5ug oligonucleotide DNA. The cells were incubated for 4 h as described in Example 4 prior 
to replacing the transfectioa medium with buffer. After 24 h the cells were washed with 
phosphate buffered saline awl flushed for 10 min in 0.05% glutaraldehyde at room 
temperature. The cells were again washed with phosphate buffered saline and then 
permeabilized whh 0. 1% trkon x 100 for 2 min at 4.0°C. After again washing with phosphate 
buffered saline the cells were treated with Vectorstain ABC according to the manufacturers 
instructions (Vector Laboratories, Burlington, C.A.). This kh contains an avidm (which bonds 
strongly to biotin), horseradish peroxidase conjugate. After 60 mm at mom temperature the 
cells were washed with pho^>hate buffered saline and stored with Vectorstain AEC. The 
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presence of horseradish peroxidase in the cells is indicated by a black color. After further 
washes with water the cells were examined at x 20 magnification by optical microscopy. The 
control cells were negative. Cells treated with synthetic vims-like particle containing 
oligonucleotides were positive (black) at a frequency of 20%. 
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Examp le m 

15.1 Ex-Vivn Delivery 

Panicles of the inveni.on are also capable of hiph level , rn ncf 

using ,he s.a„da,d assay cond „, 0 „ s _ p , , ha , 1(X) ^ cWor ^ ine _ 
Iransfeoon medium. Fig. 28 shows tha, ,„ e arai.CD33.NBri,™ , 

:: s f „ ,„ Pe heral Blood Mononudca , cells a ,?™:;r ? ;: 

ceil l.ne K562 and peripheral blood mononuclear cells nren^H r 

hy standi P.col. grad.en, cen t r,f ugall on G^ Z Zo T ^ 

SEM-30 %) . th eacuv I1I esc anr .cons, d Lde qu !:; cm ^ ^ ^ '* 

F,g 29 shows that DNA comple*ed w,,h am,.CD7-NBCl .ff 
Fencs ,o fresh peroral blood mononudea, celU Z L7J " """" 

«.m„Ja«ed T-Cdls as w C „ as cell l.nes (Jurltai , ^ c " ° f ^ 

ani.-CD? NB<~> ™ companson shows the act,v,ry of 

Id n , JUga,CS " CD7 * CC " hne JurkaI from a T-cell L) 

-nd fresh penpherai b.ood monocv.e, and penpherai blood monoevtes act, b% 
cu.«u„n £ under standard cond.uons In Ihe pre , ence of ^ fof ? ^ aCl,V « ed b >' 

15.2 /f? WlY? rVllV ? r,. 

— i:i n :';r ci : , :r mw T ,o ,ran!fcr ~- »*~ « 

ceus mv,v„ in this example. ,„ ,,vo transfeaion of >umor cells hv „ 
Symheuc V,™ like Pan.Ce ,„„„„„„ „ uncauivocaily demons.JT * 

A munne carcinoma model ,-a, u „ a , D demonstrate ^ eff 

murine """""^ "*"»•>• »*> «* « — oma fee T50,80 

munne „„, which ^ ^ ^» 

(Person bsurute; Dodd e, aj ,989 Bntish J. Cancer 60 . . 8 WMks ~ 

-plantation each of the mice canned a 6-9™ diameter rumour mass on me 

A solutton of plasmid DNA <800u g ,m» codtng for the p.galactosidase (lacZ) 
reporter gene ,„ 25mM HEPES buffer conuuning 0.85mM sodium chionde was m.,ed 
a. 30Orpm using a vonex rruxer CKA-Schuuler MT4). An eoua, volume of 800 Mg ,ml 
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of peptide NBC2 in the same buffer w as added dropwise . Q ^ DN 

vol/min. The complex was incubated overnight at 4»C Lin2 a f f °' ' 

0 3 U n/un HMA u P ' " fmal COnc «"«"">n of 

u.Jfig/fig DNA was then a dd ed m th- i 

aaoed to the complex mixture and incubated at 37»C for 30 
minutes. JU 



T ^^™/ 8 o, um „„ wereanMslheti2edwjiheiherani 

^ w„„ 2 „ M , of lhc (o|k>wmg so|uuons: ^ w HEpEs ^ 

a ,0mM soluuon of chl„,„ qume dlssolved ,„ , he fomm , aUon buffa 

M,ce we. sacked by ccrebr a dlsloca ,, on 48h ^ injtcuon jumours 

7t by d,sscc "°" snap "" u,d -«*» « « „ 

ccnKr 0( , ht lumou , mass , bcfore f _ xmg ^ o 2}% ^ 

X-GAL (S, sma Ud.. Poole U.K.) And coumer s,aine d wilh Nuclea , 

described by Bout el al.fExp. Lunc Res 19 193 , SU "" " 

., . 193-202). In this assay cells expressing 

P-i:jlaciosidasc activny stain blue 

The slides were exarruned microscop.cal.y with the fol.ow.ng results. Animal A 
-ected w.th naked DNA, „ scctlons wcre ^ ^ 

pene expression with onl> occas.onaJ blue staintng of ceUular debns ,n occas.onal 
~. animai B (injected w,, h eoraplexi: smaJ) paiches ^ w£re ™' * 
m occasional secuons: an.rn. C un.cctcd *,,„ syntheuc v.rus llke pan.cleV eve, 
,ect,on showed large area, of ^a.acos.da, postnve cells confirming w.despread 
dissemination of the complex throughout the tumour mass 

Representee secnons of these lumours are shown in Fig. 24. wh,ch presents 
Photographs taken of secttons through tumour t.ssue transfected w.th plasrl DNA 
codmg for the reporter gene lacZ. whtch ,eads to the express.on of the enzyme P - 
galactostdase. The sect.ons were prepared as described ,n the text and stained to show 
.he location of cells expressing P-galactostdase. Slides w ere examined by and recorded 
using a standard microscope fitted with bright field optics. Slide 1 shows the results 
obtaine from u, e tumour carried by Anim* A which was injected with naked plasn.d 
DNA. shows the results of the experiment performed with Animal B This 

animal was injected with the complex prepared as described in the text. Slide 3 was 
taken from the tumour carried by AnimaJ C whose tumour was injected with the same 
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complex as Animal B but was formula^ ^ 

was formulated m the presence of 120 H M chloroquine 
Arrows represent areas of staining. 

To evaluate gene transfer of a sens,t,v C reporter gene and a , . 

,he control of eukaryonc transcr.pnonal regulatory elemcnls 

«~ ,n ^c^r^v pTK7i 2ooiiE " nj ' c<x " ng ,or ,he ,acz -«~ 

^ bU ""' pH1 «»»•">»* 0.85mM NaCI was vortexed a, 

•sen :r 7T m,xe ' " KA " schu, " e, mt " of -p- 

NBC, ^ .00^ ,„ ,he _ buff „ _ added dropwss w ^ *P ^ ^ ( 

A second solution of plasmjd DNA (pBPV-ECO NTR 5nn.,„/ ., 
expre S s,b,e £. c»;m,To,cduc,.s c g ene ,„ .5rl HeL=7h T' ^ coding "> r » 
0 SSmM N aC, was „ a, 3^ ^^TT - 

coua, vo.ume ofpept.de NBCI3 a, ^ m , he ^ 
lh» DNA ai a rate of 0. 1 volvm.n dropw.se ,„ 

The complexes were .negated overmen, „ 4 - C ,he„ equal volumes of each 
were m,xed together. The 50:50 mixiure then diiuted ,o 5« DNA/rrTimo ZL 
based medium conum.ng 50Mg,mJ hum*, , rans(ernn ^ J^"™- 
a bun™ (RAT med.um, w„h or w„ h „u, ,0,, PEG 8000. OpUonaUyTff » 1 th 
added ,„ the complex rmx.ure to a f,„a, concen.rat.on of 0^ ^ 3 '^u. DNA , 
.n^ chloro^ne was added to ,^M. These dua, ^TjfZZ^Z 

Tumour 1. DNA-jnBC13 complexes diluted .nto RAT 

Tumour 2. DNA-NBC13 complexes diluted .mo RAT + 10% PEG 8000 

Li", or" 803 COmP,CXCS d,,U,Cd ^ + 10% PEG 8000 * 0* tt 
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Tumour, DNA-NBCI3 comp,e«s ddured ,„,„ RAT ♦ 0.6 ug , ug UP13 , , g DNA 

6 days after admtais.rauon of complexes. mim2ls ^ sraif . ced ^ 
d,s,oea,,„n>„d rumours W r= dlssecred. snap frozen in llqllid ni ^ H 
-cuons raker, a, ,0* ro ,»,„ als , hrouf hom , hc ,„ mour wjih a * ^ 
Se ,,on< were mourned „„ m ,„_ opc slide , a , r ^ a , r<x)m Km «■ 
order ,„ e Sl ,ma,e „,e .ransleco,, effaenacs aoueved wirh rhe above four fonmilauons 
secons were ftxed ,„ 0.25% g ,u,ara,dchyde,PBS. and men sramed f„, P-gaUcosidase ' 
express.on by mcubarmg „ 37'C ,n Xgal s„ iu u„„, as described by Bou, a! (Exp 
Lung Re, „. ,93-202,. ,„ ,„, s assay ce„s express.ng p.gaiacosidase ac,,v„y s,a,n 
blue After suumng ovenugh, a, 37X ,„ a humid.fied chamber, secuons were 
dehydrated through an erhano, senes. cleared ,„ xy,e„e and mourned ,n DPX mouman, 
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Results 

Fig. 31(a) shows that in Tumour 1, injection of DNA-NBC13 complexes diluted into 
RAT resulted in poor transfection efficiencies with only the occasional cell or small group of 
cells staining blue in just a few of all sections taken. 

In Figure 31(b) it can be seen that injection of DNA-NBC13 complexes diluted into 
[RAT+10% PEG 8000] into Tumour 2 resulted in the transfection of only a few small clusters 
of cells or single cells in the tumour mass. 

However, Figure 31(c) shows that injection of DNA-NBC13 complexes diluted into 
[RAT+10% PEG 8000 + 0.6ugLIP 1 3/|igDN A] resulted in the efficient transfection of large 
groups of cells and these clusters were visible throughout the tumour mass, indicating that the 
complexes were well dispersed throughout the tumour upon injection. Many isolated single 
cells and clusters of cells were visible in sections taken at many different positions 
throughout the tumour, again indicating efficient dispersion of complexes upon injection and 
efficient gene transfer mediated by the delivery system. 

Figure 31(d) shows that injection of DNA-NBC13 complexes diluted into 
[RAT-* 0.6ugLIP13/ugDNA) results in transfection of small groups of cells, and is less 
efficient than when this formulation is supplemented with 10% PEG 8000, Figure 31(e) 
shows a section of the same tumour in Figure 4 in which very efficient delivery to a layer of 
cells close to the surface of the tumour was observed with DNA-NBC13 complexes diluted 
into [RAT+0.6pgLIP13/ugDNA]. Only one such region was observed in this tumour, 
nevertheless the level of expression in this region was high.^ 

Figure 31(0 shows a section of uninjected T50/80 tumour which stained negative for 
lacZ expression. 

Conclusion 

In vivo injection of gene delivery complexes, comprising both NBC 13 peptides formulated in 
10% PEG 8000, results in wide dispersion of complexes throughout the tumour mass, and 
efficient transfection in vivo of tumour cells. 



Ill 



BNSDOC1D: <WO 9641606A2J_> 



WO 96/41606 



PCT/GB96/01396 



Detailed description of figure 
Figure 31(a): 

Section of T50/80 mammary tumour tissue in which no lacZ* blue-staining cells can be seen. 
Figure 31(b): 

Section of T50/80 mammary tumour tissue in which a small cluster of lacZ* blue-staining 
cells can be seen in the centre of the field of view, occupying an area of - 1% of the total field 
of view. 

Figure 31(c): 

Section of T50/80 mammary tumour tissue in which a band of lacZ* blue-staining cells can be 
seen in the field of view extending from the top left-hand corner of the photograph towards 
the bottom right-hand corner. The blue cells are intermingled with unstained cells, but 
encompass an area of -20% of the field of view. Approximately 30 foci of blue staining 
material, each focus representing a small cluster of cells or single cell can be seen in this 
figure. An area of faint blue staining can also be seen in the middle of the top edge of the 
figure. An area of faint blue staining can also be seen in the middle of the top edge of the 
figure, indicating a further patch of transfected cells. 

(d) Section of T50/80 mammary tumour tissue in which an oval ring of lacZ* blue-staining 
cells can be seen in the field of view (ring diameter is -40% of the horizontal dimension). 
The most strongly-rstaining lacZ* cells are at the bottom of the ring of cells, which is located 
in the centre of the field of view. 

Figure 3 1(e): 

Section of T50/80 mammary tumour tissue in which a small cluster of lacZ* blue-staining 
cells can be seen in the centre of the field of view, occupying an area of - 1% of the total field 
of view. 

Figure 31(f): 

Section of T50/80 mammary tumour tissue in which a layer of lacZ* blue-staining cells can be 
seen close to the surface of the tumour, occupying an area of - 1 0% of the field of view, and 
appearing as a dark vertical line to the right of the centre of the field of view. 



BNSDOC1D: <WO 9641606A2_I_> 



i 



WO 96/41606 



PCT/GB96/01396 



£-Sj*ge and Ph.r- a ^^, Formnljii^ 

u~. in lne case or , p^™,^ compos „, 0 „. ' 
recp.en,. FO, „ um . 5fnc , ency „, de „ v ^ of a - f *e 

ol ,' C " "* °' ™™"™>y '-'«■». - less .nan approxlm n 

J0U> » leng.h. The nud e,c acid may * ln „. ^ of J* 

c.rcula,. or in ihe form of a DNA fragmem 

Examples of fherapeuuc genes are well known ,„ ,„e an and include bu, are no, 
l.mned ,o ,bc p.g.ucocerebros.dase gene. ,r. Bran's mymidme krnase gene, genes 
enc„d,„g c y ,ok,„es. «„ a. TNF. ,„,e„e„ k ,„ s , . 12 . lmerferons (a g y) p 
and T-ce„ recep.or. Tbe DNA mav also ,nc,„de marker genes, such as dn^res.sunce 
genes. ,be P - E alac,os,dase gene. ,be d.hvdrofola.e reduce gene, and u,e 
chloramphenicol acetyl transferase gene 

The peptides and DNA are exchanged ,n to isotonic phosphate free buffer and 
s«er,le Hhered through a 0.45 o, 0.:2 M fi ller . Tne formula[ed ^ or ^ ^ 

I*e pan.ee (a mtxrure of the pepndc conjugated ,o a selected function* group DNA 
and free condensing pept.de , mav te Menle fiIled and al , quo , led ^ ^ £ 
v,a.s may be stored at 4»C. 20°C or SO'C or ahemat.vely the DNA, peptide or svnthet 
. e paruce may be free, dr.ed from a buffer containing an ap P pr 0 p naied 
bulking agent. In these cases. the dosage form ,s recorded with . slerile 
solution before administration 

Use of this type of pharmaceuucaJ composition in_vivo or exjvrvo with nucle.c 
acd coming a gene of phys.olog.cal tmponancc. such as replacement of a defective 
gene or an additionaJ potentially benef.cal gene function. ,s expected to confer Ion* 
term genetic modification of the cells and be effective in the treatment of disease 

For example, a patient thai » subject to a vtral or genetic dtsease may be treated 
m accordance with the invention v,a or ex_vivo methods. For example ,n vivo 

treatments, a delivery vehicle of the invention can be administered to the p^t" 
preferably ,n a biologically compatib.e solution or a pharmaceutically ■ acceptable carrier' 
by ingestion, injection, inhalation or any number of other methods. The dosages 
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adm,„, s ,e,ed »,» ^ tmn palie „, lc pauem; a ..^ 

denned by the ieve, „, enha^emen, of „,„,,,„„ 0 ?JZ«cZ 

balanced agai „ s , any risk or de , etenous effccu TCd f 3 "" 

proiem win as si s , in «,<*„„,, .„„ adlu J„„ ^ ° f "» ™i-vral 

,„ .horror l0nf . Im h „ dv m a 

,0 body we.ght. su ch ,ha, a, ,1 „„e of ^ 

«„. The , h „ apeu „ c fenc Wlll . 0 r:z :~ ?:,;; de " vered ,o 

^uiaiotv sciences iotexptession or ,he gC ne ln , ht .a^ "* 3P " 

Ei-vivfi lream.cn. ,„ also eoniempl al ed within the nr..™ 
pop U >a„„„ 5 can be ^ (rom „ or ^ ^ „ " ^" 

•he^i.e gene ,„ aceotdancc w„h ,he ,nven.,„, to ,^^£^7,; 

general, ex v.vo cell dosages will be dr^^.n^ , Pauem. In 
u.xijjcn win De Determined accordmc to th<» fW.,-^ .u 

ef-^e, paired a g a,n„ any de,e,en„ u , s ,de-e, ( ec,s. Such J^J^Z^TZ 

ran^e of 10 - in" ^n t ~. w m usually be in the 

ceCpll" "' l ^ rPa,IC "' aa ' K -« k '^'~^P« ,0'. ,0' 

A syntheuc v„u s .|i ke pantcle according to the invention may 
no U ,ed ,o „ea, X,,„ k e d The condensed „„c,e,c ac,d ,„ tne v, ro ,, lke 

pn* w,,, con,a,„ ,he Bru.on s ,yro.ne We gene (Veine e, a,.. ,o„ Nalur e 

61 -- 6 - 2 "'- ^' Ch " CamCd » ' = "* "f«m dehneated bv the Pvu, ^ ,71 
po S ,„on ,.33, and the H.ndlll s„e a, pos.non ,.2126) if desired th/m „ 
■-de seances which conic, posn.on ,„depe„de„: ^t^^ZZ 

« . auS h, ,„ p CT/ cbss,oo6 S , Tnc , hc ^ uuc may aisoLode 8 :;::;;: 

POK A ,a„. which may tnciude pon.on- o, the human p glob , n locus sp „c C and A 

^ 'r„ B r H, , x r : 8 tb ' "" cc ' po,v a **** — — ««. — 

- J v^ii exon 3 . . polyA sequences 

A synthetic virus-like pan.clc conu.n.ng the Bruton's tyrosine kanase gene i, 
assembled as described here,n and u ,ed ,o , rcai X-hnked ,-globuhnemia by .ntroduc.ng 
the construct directly ,nto a pat.en, for ^ gene therapy or into pre-B cells for ex 
^therapy, as described in Manensson e, a,, Eur. Jour. Immunol. ,987 17 l4 9 ? 
Okabe et al., Eur. Jour. Immunol. 1992. 22:37; and Banerji et al., CeH 33-729 1983* 
and administering the transfected pre-B cells .nto a pauent afflicted w.th X-l,nked y- 
giobulinemia. A synthetic v.rus-like pan.cle for treatment of X- 

HnJced Y-globu«,nem, a wi„ .nc.ude a UganH f or largelmg of a prefi ^ ^ ^ ^ 
wen-known ,n the an and wi„ be specif.c for and capable of targeting one or more of 
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the followmg cell surface markers: CD9.CDI0.CD19.CD20.CD22 CD24 Cm* 
CD40. CD72. and CD74. ' CD38 - 

A synthetic virus-Ji.ee pan.cie described here.n also may be used for treatment of 

mi G sc r uchcrs d,sease s,cms from ° nc ° f - ««™ ■«£ 

mutauons. Gauchers type 1 IS a CGG ~> CAG mutation, which results in an £g 
Gin subst.tut.on at pos.t.on , ,9 of the ^-glucocerebros.dase po.ypepude (Graves 
ON A 7:521. 1988) . Gaucher s i V pc 2 .s a CTG > err « 

, „ . ■ ' Ll ° * CCG mmat.on. which results m ; , 

Leu -> Pro subst.tution a, pos.t.on 444 of the Z-glucocerebros.dase po.ypept.de (Tsuj. 
N^M 316:570. 1987). The presence of a :0-g,ucocerebro,dase gene encod.ng a w ild 
type po.ypept.de ,s bel.eved ,o subs.am.al.y correct Gauchers d.sease. Therefore a 
thcrapeut.c nucleic ac.d useful accord.ng ,0 the tnvenuon includes ^ 
3-g.ucocerebros.dase gene, as descr.bed m Horow.tz et ai.. 1989. Genorrucs 4-87-96 
~h.cn ,s earned, as d.sclosed ,n Horow.u „ a... on a 9722 base parr fragmen, 
ex.end.ng from a BamHl sue ,„ exon , to an EcoRV sue 3. to polyadenylauon s.te 
Th.s fragmen, conta.ns , , exons and ai. .nterven.ng sequences, w.th trans.at.ona. stan 
m exon . Sequences conferr.ng posmon-mdependem and tissue-specific gene 
cxpre.ss.on may be included ,n the cons.ruc, and are earned on an 1 1.8 kb Xhol - Sac! 

.rapmemfrompni.lyxconMruc.a.sde.cnbed.nBoniferetal.. 1990. Euro Mol Biol 

Ore Jour 9:2843. 

A synthetic v.rus-l.ke pan.c.e conuunmg the (3-giucocerebros.dase g cne ,s 
assembled as described here.n and used ,o treat Gaucher s d.sease by .mroduc.ng the 
vrus-hke particle directly ,n,o tbe hosi for UL _ mfl Qr mto ^ « 

macrophages for exviyo ,her ap> as desenbed m Immunologv and Cell Biology 1 993 
Vol. 71. pages 75-78 and .mroduc.nc ,hc transfected macrophages into a pattern 
a fltcted w„h Gaucher s disease Exprcss.on of the wild rype transgene , a pauen, 
affl.cted with Gaucher s d.sease should rcsuh ,n correct.on of the 
diseased state. The synthet.c v,niv-l,kc particle wil. contain a ligand that specifically 
targets a cell surface anttgen on a macrophage. Such hgands are well-known in the art 
for example, monoclonal antibody hav.ng specificity for and capable of targeting one or 
more of the following cell surface markers: CD14. CD 16, CD26, CD31 CDw32 
CD36. CD45RO. CD45RB. CD63. CD71. CD74. CD23. CD25 and CD69. ' 

The cells targeted for or ex vivo gen e transfer in accordance with the 

.nvenuon mclude any cells .o wh.ch the delivery of the therapeutic gene is desired Such 
cells w,ll bear a cell surface marker for which a corresponding specific Hgand ,s 
available or can be prepared to allow f or cell-specific targeung accordmg to the 
•nvenuon. For example, cells of the ,mmune system such as T-cells, B-cells and 
macrophages, hematopoietic cells, and dendritic cells, each cell of which bears one or 
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more well-known cell surface receptors havmg corresponding Ugands which may be 
selected , f r use as a targeting iigand in the virus- like panicle of the invention 
depending upon the selected cell. Using established technologies, stem cells may be 
used for gene transfer after enrichment procedures (see. for example. European Patent 
Applications 0 455 482 and 0 451 61 1. wh.ch d.sclose methods for separating stem 
cells from a population of hematopoietic cells). Alternatively, unseparated hematopoietic 
cells and stem cell populations may he used as a target population for DNA transfer as 
described herein. 
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Examnle 17 

The following example describes transfection of mammalian cells using a synthetic virus 
like particle in which a lipidated nucleic acid condensing peptide is present, which particle was 
prepared according to a novel procedure which includes preincubation of the synthetic virus like 
panicle with chloroquine 

In vitro transfection using the synthetic virus like particle is absolutely dependent on the 
presence of an agent which perturbs endosome function. One such potent agent is the anti- 
malarial drug chloroquine The action of chloroquine can be amplified by pre-incubation of the 
synthetic virus like particles in a solution containing chloroquine prior to treatment of the cells 
(presumably by adsorption of this lipophilic molecule to the hydrophobic surface of the synthetic 
virus like particle). Figure 22 shows the increased transfection efficiency observed when synthetic 
virus like particles prepared in the presence of Lip2 are pre-incubated in the presence or absence 
of 120 n M chloroquine before exposure to Jurkat cells The synthetic virus like panicle allows 
nucleic acid delivery to be optimized further by increasing binding of chloroquine through 
elevation of the level of lipophilic substituents in the synthetic virus like panicle. The range of 
preincubation concentrations useful according to the invention are generally from 10 to 
70mM At the higher dosage, the maximum amount of chloroquine administered with the 
synthetic virus like panicle in vivo should not exceed 3.5 mg/kg body weight For ex vivo 
applications, the final concentration of chloroquine after dilution from the formulation should not 
exceed 200 ^M. 

Transfection efficiency in vitro can also be increased by extending the time period to which 
the target cells are exposed to the synthetic virus like panicle in the presence of chloroquine 
Figure 23 shows the effect of increasing the incubation time on transfection of Jurkat cells by Lip2 
synthetic virus like particles in the presence of 120 uM chloroquine. 

In Figure 23, solutions of NBC 1 were either made up at a concentration of 200 ^g/ml in 
25 mM Hepes, 0.85 M sodium chloride. pH 7 4 containing 0.7 M sodium chloride or in the same 
buffer containing 5% PEG (Sigma Ltd . Poole, Dorset). Each solution was mixed with an 
appropriate amount of 3.5 mg/ml RSVLUC plasmid DNA to give a final concentration of 100 
Mg/ml plasmid DNA and the mixture incubated at room temperature for 60 min. followed by 
further incubation at 4°C overnight The synthetic virus like particles were then diluted either 
directly into RPMI medium containing 1x10* Jurkat cells and 120 fj.M chloroquine (25 (A DNA 
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synthetic vims like panicle into 1ml of cell culture medium) or into 25 mM Hepes, 0.85 M sodium 
chloride, pH 7.4 containing 10% PEG to a final concentration of 25 ug DNA/ml. After 30min 
at room temperature, the solutions in Hepes buffer were each diluted into RPMI containing 1 x 
10 6 Jurkat cells and 120 M M chloroquine ( 100 u\ DNA synthetic virus like particle into 1ml of cell 
culture medium). After 4h the cells were centrifuged, the medium removed and the cells 
resuspended in 2.5 ml of RPMI medium containing 10% fetal calf serum. After 24h, the cells 
were collected, washed, and lysed and the level of luciferase expression determined as described 
above. 

OTHER EMBODIMENTS 
Other embodiments will be evident to those of skill in the an. It should be understood that 
the foregoing detailed description is provided for clarity only and is merely exemplary. The spirit 
and scope of the present invention are not limited to the above examples, but are encompassed 
by the following claims. 
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CLAIMS 

1. A synthetic virus like panicle for transfecting nucleic acid into a mammalian cell, said 
synthetic virus like panicle comprising 
a recombinant nucleic acid, 

a plurality of nucleic acid condensing peptides, said peptides being non-covalently 
associated with said recombinant nucleic acid such that said nucleic acid is in condensed form, 

wherein each said nucleic acid condensing peptide is a heteropeptide, and said plurality 
of nucleic acid condensing peptides has low polydispersion. 

2 The synthetic virus like particle of claim 1 wherein said plurality of nucleic acid condensing 
peptides comprise a first nucleic acid condensing peptide and a second nucleic acid condensing 
peptide, wherein said first nucleic acid condensing peptide comprises a first functional group 
covalently bound thereto 

3. The synthetic virus like panicle of claim 2 wherein said second nucleic acid condensing 
peptide comprises a second functional group covalently bound thereto, said second functional 
group being different from said first functional group. 

4. The synthetic virus like panicle of claim 2, said first and said second nucleic acid 
condensing peptides having different amino acid sequences. -a 

5. The synthetic virus like panicle of claim 2, said first and said second nucleic acid 
condensing peptides having the same ammo acid sequence. 

6. The synthetic virus like panicle of claim 2 wherein said first nucleic acid condensing 
peptide comprises a first functional group covalently bound thereto and further comprises a 
second functional group covalently bound thereto. 

7. The synthetic virus like particle of claim 2 wherein said second functional group is 
covalently bound to said first functional group. 
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8. The synthetic virus like particle of claim 2 wherein said functional group comprises a 
ligand that is an antigenic peptide. 

9. The synthetic virus like panicle of claim 2 wherein said functional group comprises a 
ligand that targets a specific cell-type. 

10 The synthetic virus like particle of claim 9, said ligand being selected from the group 
consisting of a monoclonal antibody, insulin, transferrin and asialoglycoprotein. 

11 The synthetic virus like panicle of claim 9 wherein said functional group comprises a 
ligand that targets cells in a non-specific manner. 

12. The synthetic virus like panicle of claim 1 1 , said ligand comprising a sugar. 

13. The synthetic virus like panicle of claim 12 wherein said functional group comprises a 
lipid. 

U. The synthetic virus like panicle of claim 13, said lipid being selected from the group 
consisting of palmitoyl. oleoyl, stearoyl, and cholesterol. 

1 5. The synthetic virus like panicle of claim 2, said functional group comprising a neutral 
hydrophilic polymer. 

16. The synthetic virus like panicle of claim 15, said neutral hydrophilic polymer being 
selected from the group consisting of PEG and PVP. 

17 The synthetic virus like panicle of claim 2, said functional group being a fusogenic 
peptide. 

18. The synthetic virus like panicle of claim 17, said fusogenic peptide comprising HA 
peptide. 
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1 9. The synthetic virus like panicle of claim 2, said functional group comprising 



an enzyme. 



20 The synthetic virus like panicle of claim 1 9. said enzyme being selected from the group 
consisting of a recombinase and an integrase 

21 The synthetic virus like panicle of claim 2, said functional group comprising an 
intracellular trafficking protein 

22 The synthetic virus like panicle of claim 2 1 . said intracellular trafficking protein being 
selected from the group consisting of a nuclear localization sequence 

23 The synthetic virus like panicle of claim 7 wherein said first functional group comprises 
one of a lipid or a neutral hydrophilic polymer and said second functional group is a ligand that 
targets a cell. 

24 The synthetic virus like panicle of ciaim23 wherein when said first functional group 
comprises a lipid, said second functional group comprises a ligand that targets a cellular receptor. 

25 The synthetic virus like panicle of claim 24, when said first functional group comprises 
PEG, said second functional group comprises a ligand that targets a cellular receptor. 

26 The synthetic virus like panicle of claim 25. said ligand comprising one of a sugar moiety 
or a ligand whose cellular receptor is restricted to a cell-type. 

27. The synthetic virus like panicle of claim 23 , when said first functional group comprises 
a lipid, said second functional group comprises PEG. 
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28. The synthetic vims like particle of claim 1 wherein a said nucleic acid condensing peptide 
comprises an amino acid sequence of the generic formula 

NH,- Y^XHZ.ZAZ,) KX^Y, Y 4 ) m X 7 X,BCOOH 
wherein each of X^ is, independently, an amino acid having a positively charged group 
on the side chain; 

wherein each of Y,- 4 i , independently, a naturally occurring amino acid which promotes 
alpha helix formation; 

wherein each of Z„ is, independently, a naturally occurring amino acid with at least 3 
amino acids having a high propensity to form a stabilized turn structure; 
wherein A is an amino-terminal serine or threonine residue; 
wherein B is any amino acid; and 
wherein n = 2 - 4 and m = 2. 

29. The synthetic virus like panicle of claim 28 wherein each of X,., is. independently, lysine, 
arginine, 2.4-diamino-butyric acid or ornithine 

30. The synthetic virus like panicle of claim 28 wherein each of Y,- 4 is, independently, 
glutamic acid, alanine, leucine, methionine, glutamine, tryptophan or histidine. 

31. The synthetic virus like panicle of claim 28 wherein each of Z„ is, independently, 
asparagine, glycine, proline, serine, and aspanic acid. 

32. The synthetic virus like panicle of claim 28 wherein B is any one of alanine, glutamic acid 
or cysteine. 

33 . The synthetic virus like particle of claim 28 wherein a said peptide comprises at least one 
of an internal serine, threonine, or cysteine residue. 

34. The synthetic virus like panicle of claim 33 a said internal residue is available for 
conjugation to a functional group. 



122 



9641606A2 I _> 



WO 96/41606 



PCT/GB96/01396 



35. The synthetic virus like particle of claim 28 wherein a said peptide comprises one of the 
amino acid sequences 

(NBC7) H-TRRAWRRAKRRAARRCGVSARRAARRAWRRE-OH; and 
(NBC11) H-TKKAWKKAEKKAAKKCGVSAKKAAKKAWKKA-CONH 2 

36. The synthetic virus like particle of claim 1 wherein a said nucleic acid condensing peptide 
comprises a linear combination of the following three consensus sequences where the total 
sequence length is >17 residues: 

Seq I: 

-K-K-X-P-K-K-Y-Z-B-P-A-J- 
wherein K is Lysine, P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine or 
Valine; Z is Alanine, Theonine or Proline; B is Lysine. Alanine, Threonine or Valine; and J is 
Alanine or Valine; 
Seq II 

-X-K-S-P-A-K-A-K-A- 
wherein X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Seq III 

-X-Y-V-K-P-K-A-A-K-Z-K-B- 
wherein X is Lysine or Arginine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine 

37 The synthetic virus like particle of claim 36 wherein a said peptide comprises the amino 
acid sequence: 

NH r [SV40 NLSRSeq I]-[Seq II]-[Seq III]-[SV40 NLS]-[Seq I]-C-COOH, 
where -C- is Cysteine;where the SV40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys- 
Val-Gln. 

38. The synthetic virus like particle of claim 37 wherein a said peptide comprises the amino 
acid sequence 

>M 2 -PKKKRKVEKKSPKKAKKPAAKSPAKAKAKAVI^ 
KKAKKPAAC(Acm)-COOH. 
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39. The synthetic virus like panicle of claim 36 wherein a said peptide comprises an amino 
acid sequence of the generic formula: 
NH 2 -X-(Y) 0 -C-COOH 

where X is absent or is one of serine or threonine; 
Y is one of sequence I, II or III; 
n is 2-6; and 
C is cysteine. 

40 The synthetic virus like particle of claim 39 wherein a said peptide comprises an amino 
acid sequence selected from the group of: 

NH 2 -[Seq III]-[SV40 NLS 1 ]-[Seq IJ-C-COOH, 
where -C- is Cysteine; 

NH 2 -[Seq I]-[Seq I]-C-COOH 
where -C- is Cysteine; 

NH 2 -[Seq I]-[Seq I]-[Seq IJ-C-COOH 
where -C- is Cysteine; and 

NH 2 -[Seq I]-[Seq I]-[Seq I]-[Seq IJ-C-COOH 
where -C- is Cysteine 

4 1 . The synthetic virus like particle of claim 40 wherein a said peptide comprises an amino 
acid sequence selected from the group of sequences: 

(NBC2) m-KAVKPKAAKPKKPKXKRKVEKKSPKKAKKPAAC(Acm)-COOH; 
(NBC8) rfflj-KKSPKXAKKPAAKKSPKKAKKPAAC(Acm)-COOH; 

(NBC13) NH 2 -KKSPKXAKKPAAKKSPKKAKKPAAKKSPKJCAKKPAAC(Acm 
and 

CNBC10) hM r KKSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKP^ 
AAC(Acm)-COOH 

42. A plurality of nucleic acid condensing peptides, 

wherein each nucleic acid condensing peptide of said plurality being a heteropeptide, and 
said plurality of nucleic acid condensing peptides having low polydispersion. 
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said peptides being further characterized in that, when contacted with recombinant nucleic 
acid, the peptides are able to non-covalently associate with said nucleic acid to form a synthetic 
virus like particle containing condensed recombinant nucleic acid, and 

said synthetic virus like particle being characterized in that, when contacted with a 
mammalian cell, said particle can transfect said nucleic acid into said ceil, 

43. The plurality of nucleic acid condensing peptides of claim 42, comprising a first nucleic 
acid condensing peptide and a second nucleic acid condensing peptide, wherein said first nucleic 
acid condensing peptide comprises a first functional group covalently bound thereto. 

44. The plurality of nucleic acid condensing peptides of claim 43, wherein said second nucleic 
acid condensing peptide comprises a second functional group covalently bound thereto, said 
second functional group being different from said first functional group. 

45. The plurality of nucleic acid condensing peptides of claim 38, said first and said second 
nucleic acid condensing peptides having different amino acid sequences. 

46 The plurality of nucleic acid condensing peptides of claim 43, said first and said second 
nucleic acid condensing peptides having the same amino acid sequence. 

47. The plurality of nucleic acid condensing peptides of claim 43 wherein said first nucleic acid 
condensing peptide comprises a first functional group covalently bound thereto and further 
comprises a second functional group covalently bound thereto. 

48. The plurality of nucleic acid condensing peptides of claim 43 wherein said second 
functional group is covalently bound to said first functional group. 

49. The plurality of nucleic acid condensing peptides of claim 43 wherein said functional group 
comprises a ligand that is an antigenic peptide. 

50. The plurality of nucleic acid condensing peptides of claim 43 wherein said functional group 
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comprises a ligand that targets a specific cell-type. 



5 1 The plurality of nucleic acid condensing peptides of claim 50, said ligand being selected 
from the group consisting of a monoclonal antibody, insulin, transferrin and asialoglycoprotein. 

52. The plurality of nucleic acid condensing peptides of claim 50 wherein said functional group 
comprises a ligand that targets cells in a non-specific manner. 

53. The plurality of nucleic acid condensing peptides of claim 52, said ligand comprising a 
sugar. 

54. The plurality of nucleic acid condensing peptides of claim 53 wherein said functional group 
comprises a lipid. 

55. The plurality of nucleic acid condensing peptides of claim 54, said lipid being selected 
from the group consisting of palmitoyl, oleoyl, stearoyl, and cholesterol. 

56 The plurality of nucleic acid condensing peptides of claim 43, said functional group 
comprising a neutral hydrophilic polymer 

57. The plurality of nucleic acid condensing peptides of claim 56, said neutral hydrophilic 
polymer comprising PEG or PVP. 

58. The plurality of nucleic acid condensing peptides of claim 43, said functional group being 
a fusogenic peptide. 

59. The plurality of nucleic acid condensing peptides of claim 58, said fusogenic peptide 
comprising HA peptide. 

60. The plurality of nucleic acid condensing peptides of claim 43, said functional group 
comprising an enzyme. 



126 



BNSDOCID: <WO 964 160642 J _> 



WO 96/41606 



PCT/GB96/01396 



6 1 The plurality of nucleic acid condensing peptides of claim 60, said enzyme being selected 
from the group consisting of a recombinase and an integrase. 

62. The plurality of nucleic acid condensing peptides of claim 43, said functional group 
comprising an intracellular trafficking protein. 

63. The plurality of nucleic acid condensing peptides of claim 62, said intracellular trafficking 
protein being selected from the group consisting of a nuclear localization sequence. 

64. The synthetic virus like particle of claim 48 wherein said first functional group comprises 
one of a lipid or PEG and said second functional group is a ligand that targets a cell. 

65. The synthetic virus like panicle of claim 64 wherein when said first functional group 
comprises a lipid, said second functional group comprises a ligand that targets a cellular receptor. 

66 The synthetic virus like particle of claim 65, when said first functional group comprises 
PEG, said second functional group comprises a ligand that targets a cellular receptor. 

67 The synthetic virus like panicle of claim 66, said ligand comprising one of a sugar moiety 
or a ligand whose cellular receptor is restricted to a cell-type. 

68 The synthetic virus like panicle of claim 64 , when said first functional group comprises 
a lipid, said second functional group comprises PEG. 

69. The plurality of nucleic acid condensing peptides of claim 42 wherein a said nucleic acid 
condensing peptide comprises an amino acid sequence of the generic formula 
NH r A-(X 1 X 2 Y 1 YJ n X 3 X 4 -(Z l Z 7 Z3Z 4 )-(X 5 X 6 Y 3 Y 4 ) ni X 7 X 8 BCOOH 
wherein each of X,. g is, independently, an amino acid having a positively charged group 
on the side chain; 

wherein each of Y,- 4 is, independently, a naturally occurring amino acid which promotes 
alpha helix formation; 
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wherein each of Z w is, independently, a naturally occurring amino acid with at least 3 
amino acids having a high propensity to form a stabilized turn structure; 
wherein A is an amino-terminal serine or threonine residue; 
wherein B is any amino acid; and 
wherein n = 2 - 4 and m = 2. 

70. The plurality of nucleic acid condensing peptides of claim 69 wherein each of X,., is, 
independently, lysine, arginine, 2.4-diamino-butyric acid or ornithine. 

71. The plurality of nucleic acid condensing peptides of claim 69 wherein each of Y 1% is, 
independently, glutamic acid, alanine, leucine, methionine, glutamine, tryptophan or histidine. 

72. The plurality of nucleic acid condensing peptides of claim 69 wherein each of Z„ is, 
independently, asparagine, glycine, proline, serine, and aspartic acid. 

73. The plurality of nucleic acid condensing peptides of claim 69 wherein B is any one of 
alanine, glutamic acid or cysteine. 

74. The plurality of nucleic acid condensing peptides of claim 69 wherein a said peptide 
comprises at least one of an internal serine, threonine, or cysteine residue. 

75. The plurality of nucleic acid condensing peptides of claim 74 a said internal residue is 
available for conjugation to a functional group. 

76. The plurality of nucleic acid condensing peptides of claim 69 wherein a said peptide 
comprises one of the amino acid sequences 

(NBC7) NH 2 -TRRAWRRAKRRAARRCGVSARRAARRAWRRE.COOH; and 
(NBC11) NHj-TTCKAWKKAEKKAAKKCGVSAKKAAKKAWKKA-CONH^ 

77. The plurality of nucleic acid condensing peptides of claim 42 wherein a said nucleic acid 
condensing peptide comprises a linear combination of the following three consensus sequences 
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where the total sequence length is >17 residues: 
Seql: 

-K-K-X -P-K-K-Y-Z-B-P-A-J. 
wherein K is Lysine, P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine or 
Valine; Z is Alanine, Theonine or Proline; B is Lysine, Alanine, Threonine or Valine; and J is 
Alanine or Valine; 
Seq II 

-X-K-S-P-A-K-A-K-A- 
wherein X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine, 
Seq III 

-X-Y-V-K-P-K-A-A-K-Z-K-B- 
wherein X is Lysine or Arginine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

78 The plurality of nucleic acid condensing peptides of claim 77 wherein a said peptide 
comprises the amino acid sequence: 

NH 2 -[SV40 NLSHSeq I]-[Seq II]-[Seq III]-[SV40 NLS]-[Scq I]-C-COOH, 
where -C- is Cysteine;where the SV40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys- 
Val-Gln. 

7 9. The plurality of nucleic acid condensing peptides of claim 78 wherein a said peptide 

comprises the amino acid sequence 

NH r PKKKRKVEKXSPKJCAKXPAAKSP/^ 

KKAKKPAAC(Acm)-COOH. 

80. The plurality of nucleic acid condensing peptides of claim 77 wherein a said peptide 
comprises an amino acid sequence of the generic formula: 
NH 2 -X-(Y) B -C-COOH 

where X is absent or is one of serine or threonine; 
Y is one of sequence I, II or III; 
n is 2-6; and 
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C is cysteine. 

8 1 . The plurality of nucleic acid condensing peptides of claim 80 wherein a said peptide 
comprises an amino acid sequence selected from the group of: 

NH 2 -[Seq III]-[SV40 NLS 1 ]-[Seq IJ-C-COOH, 
where -C- is Cysteine; 

NH r [Seq I]-[Seq 0-C-COOH 
where -C- is Cysteine; 

NHj-[Seq I]-[Seq IRSeq IJ-C-COOH 
where -C- is Cysteine; and 

NH r [Seq I]-[Seq IJ-fSeq I]-[Seq IJ-C-COOH 
where -C- is Cysteine 

82. The plurality of nucleic acid condensing peptides of claim 81 wherein a said peptide 
comprises an amino acid sequence selected from the group of sequences: 

^cm)-COOH; 



(NBC2) NH r KAVTCPKAAKPKJCPIOCKRKVEKKSPKKAKKPAAC(Ac 



(NBC8) NH 2 -KKSPKKAKKPAAKKSPKKAKKPAAC(Acm)-COOH; 
(NBC9) NH 2 -KKSPKKAKKPAAKKSPKKAKKPA^ 
and 

(NBC10) NH 2 -KKSPKKAKKPAAKKSPKKAK^ 
AAC(AcmK:OOH 

83. A synthetic vims Ike panicle for transfecting nucleic acid into a mammalian cell, said 
synthetic virus like panicle comprising 
a recombinant nucleic acid, 

a first plurality of &st nucleic acid condensing peptides, each said peptide comprising a 
covalently linked first funcaonal group, 

a second plurality rf second nucleic acid condensing peptides, 

wherein each said aucieic acid condensing peptide is a heteropeptide and each said 
plurality of nucleic acid condensing peptides has low polydispersion, 

wherein each said plurality of nucleic acid condensing peptides is non-covalently 
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associated with said recombinant nucleic acid such that said nucleic acid is in condensed form. 

84. The synthetic virus like particle of claim 83, further comprising a third plurality of third 
nucleic acid condensing peptides, each said third peptide comprising a covalently linked second 
functional group which is different from said first functional group. 

85 The synthetic virus like particle of ciaim84, said first and second functional groups are 
present in said synthetic virus like particle in a preselected ratio. 

86. The synthetic virus like panicle of claim 83, said first and said second nucleic acid 
condensing peptides having different amino acid sequences. 

87. The synthetic virus like particle of claim 83, said first and said second nucleic acid 
condensing peptides having the same amino acid sequence. 

88 The synthetic vims like particle of claim 83 wherein said first nucleic acid condensing 
peptide comprises a first functional group covalently bound thereto and further comprises a 
second functional group covalently bound thereto. 

89. The synthetic virus like panicle of claim 88 wherein said second functional group. is 
covalently bound to said first functional group ^ 

90. The synthetic virus like panicle of claim 83 wherein said functional group comprises a 
ligand that is an antigenic peptide. 

91. The synthetic virus like panicle of claim 83 wherein said functional group comprises a 
ligand that targets a specific cell-type 

92. The synthetic virus like panicle of claim 91, said ligand being selected from the group 
consisting of a monoclonal antibody, insulin, transferrin and asialoglycoprotein. 
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93. The synthetic vims like particle of claim 91 wherein said functional group comprises a 
ligand that targets cells in a non-specific manner. 



94. The synthetic virus like particle of claim 93, said ligand comprising 



a sugar. 



95. ,= The synthetic virus like particle of claim 94 wherein said functional group comprises a 

lipid. 



96. The synthetic virus like particle of claim 95. said lipid being selected from the group 
consisting of palmitoyl, oleoyl, stearoyl, and cholesterol. 

97. The synthetic virus like particle of claim 93. said functional group comprising a neutral 
hydrophilic polymer. 



98 The synthetic virus like particle of claim 97. said neutral hydrophilic polymer comprising 
PEG or PVP. 



99 The synthetic virus like panicle of claim 83. said functional group being a fusogenic 
peptide. 



100. The synthetic virus like panicle of claim 99, said fusogenic peptide comprising HA 
peptide. 



101 The synthetic virus like panicle of claim 83. said functional group comprising an enzyme. 

102. The synthetic virus like panicle of claim 101, said enzyme being selected from the group 
consisting of a recombinase and an integrase 

103. The synthetic virus like panicle of claim 83, said functional group comprising an 
intracellular trafficking protein. 
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104. The synthetic virus like particle of claim 103, said intracellular trafficking protein being 
selected from the group consisting of a nuclear localization sequence. 

105. The synthetic virus like particle of claim 89 wherein said first functional group comprises 
one of a lipid or PEG and said second functional group is a ligand that targets a cell. 

106. The synthetic virus like particle of claim 105 wherein when said first functional group 
comprises a lipid, said second functional group comprises a ligand that targets a cellular receptor. 

107. The synthetic virus like particle of claim 106, when said first functional group comprises 
PEG, said second functional group comprises a ligand that targets a cellular receptor. 

108. The synthetic virus like particle of claim 107, said ligand comprising one of a sugar moiety 
or a ligand whose cellular receptor is restricted to a cell-type. 

109. The synthetic virus like panicle of claim 105 , when said first functional group comprises 
a lipid, said second functional group comprises PEG. 

1 10. The synthetic virus like panicle of claim 83 wherein a said nucleic acid condensing peptide 
comprises an amino acid sequence of the generic formula 

NH 2 .A-(X l X 2 Y I Y 2 ) n X3X^(Z ! Z^3ZJ.(X 5 X 6 Y3Y 4 ) fn X 7 X ! BCOOH 
wherein each of X,. t is, independently, an amino acid having a positively charged group 
on the side chain; 

wherein each of Y r4 is, independently, a naturally occurring amino acid which promotes 
alpha helix formation; 

wherein each of Z,^ is, independently, a naturally occurring amino acid with at least 3 
amino acids having a high propensity to form a stabilized turn structure; 
wherein A is an amino-terminal serine or threonine residue; 
wherein B is any amino acid; and 
wherein n = 2 - 4 and m = 2. 
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111. The synthetic virus like particle of claim 110 wherein each of X,., is, independently, 
lysine, arginine, 2.4-diamino-butyric acid or ornithine. 

1 12. The synthetic virus like particle of claim 1 10 wherein each of Y,-„ is, independently, 
glutamic acid, alanine, leucine, methionine, glutamine, tryptophan or histidine. 

113. The synthetic virus like particle of claim 1 10 wherein each of Z M is, independently, 
asparagine, glycine, proline, serine, and aspartic acid. 

114. The synthetic virus like particle of claim 1 1 0 wherein B is any one of alanine, glutamic acid 
or cysteine. 



115. The synthetic virus like panicle of claim 1 1 0 wherein a said peptide comprises at least one 
of an internal serine, threonine, or cysteine residue. 

1 1 6 The synthetic virus like particle of claim 1 1 5 wherein a said internal residue is available 
for conjugation to a functional group. 

117. The synthetic virus like particle of claim 1 1 0 wherein a said peptide comprises one of the 
amino acid sequences 

(NBC7) H-TRRAVVRRAKIUIAARRCGVSARRAARRAWRRE-OH; and 
(NBC 1 1 ) H-TKKA WKKAEKK AAKKCG VS AKKAAKKAWKKA-NH 2 

118. The synthetic virus like particle of claim 83 wherein a said nucleic acid condensing peptide 
comprises a linear combination of the following three consensus sequences where the total 
sequence length is >17 residues: 

Seql: 

-K-K-X-P-K-K-Y-Z-B-P-A-J- 
wherein K is Lysine, P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine or 
Valine; Z is Alanine, Theonine or Proline; B is Lysine, Alanine, Threonine or Valine; and J is 
Alanine or Valine; 
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Seqn 

-X-K-S-P-A-K-A-K-A- 
wherein X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Seq III 

-X-Y-V-K-P-K-A-A-K-Z-K-B- 
wherein X is Lysine or Arginine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

1 19. The synthetic virus like panicle of claim 118 wherein a said peptide comprises the amino 
acid sequence: 

NH 2 -[SV40 NLS]-[Seq I]-[Seq II]-[Seq III]-[SV40 NLS]-[Seq I]-C-COOH, 
where -C- is Cysteine;where the SV40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys- 
Val-Gln 

120. The synthetic virus like panicle of claim 119 wherein a said peptide comprises the amino 
acid sequence 

H-PKKKRKV^KXSPKKAKKP 
KKAKKP AAC( Acm)-OH 

121 . The synthetic virus like panicle of claim 1 18 wherein a said peptide comprises an amino 
acid sequence of the generic formula: 

NH 2 -X-(Y) n -C-COOH 

where X is absent or is one of serine or threonine; 
Y is one of sequence I, II or HI; 
n is 2-6; and 
C is cysteine. 

122. The synthetic virus like particle of claim 121 wherein a said peptide comprises an amino 
acid sequence selected from the group of: 

NH 2 -[Seq m]-[S V40 NLS 1 ]-[Seq I]-C-COOH, 
where -C- is Cysteine; 
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NH 2 -[Seq I]-[Seq IJ-C-COOH 
where -C- is Cysteine; 

NH 2 -[Seq I]-[Seq I]-[Seq I]-C-COOH 
where -C- is Cysteine; and 

NHj-fSeq I]-[Seq I]-[Seq I]-[Seq IJ-C-COOH 
where -C- is Cysteine. 



123. Hie synthetic virus like particle of claim 122 wherein a said peptide comprises an amino 
acid sequence selected from the group of sequences: 

(NBC2) H-KAVKPKAAKPKKPKKKRKVEKKSPKKAKKPAAC(Acm)-OH; 
(NBC8) H-KKSPKKAKKPAAKKSPKKAKKPAAC(Acm)-OH; 

CNBC9) H-KKSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKPAAC(Acm)-OH^ and 

(NBC 1 0) H-KXSPKKAKKPAAKKSP^AKKPAAKKSPKKAKKPAAKKSPKKAK^ 
AAC(Acm)-OH 

124 A method of transfecting a mammalian cell with a recombinant nucleic acid, said method 
comprising contacting a mammalian cell with a synthetic virus like particle as claimed in claim 1 . 

125. A method of transfecting a mammalian cell with a recombinant nucleic acid, said method 
comprising the steps of 

a) forming a mixture of a synthetic virus like particle as claimed in claim 1 and an 
endosomal disruption agent, and 

b) contacting said mixture of step a) with a mammalian cell under conditions sufficient to 
allow transfection of said cell with said nucleic acid 

1 26. A method of formulating a synthetic virus like particle for administration to a patient, the 
method comprising mixing a synthetic virus like particle as claimed in claim 1 with an endosomal 
disruption agent. 

127. The method of claim 125 or 126, said endosomal disruption agent being a fusogenic 
peptide. 
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128. A method of transfecting a mammalian cell with a recombinant nucleic acid, said method 
comprising the steps of 

a) forming a mixture of a synthetic virus like particle as claimed in claim 1 and a neutral 
hydrophilic polymer, and 

b) contacting said mixture of step a) with a mammalian cell under conditions sufficient to 
allow transfection of said cell with said nucleic acid. 

129. A method of formulating a synthetic virus like panicle for administration to a patient, the 
method comprising 

mixing a synthetic virus like particle as claimed in claim 1 with a neutral hydrophilic 
polymer. 

130 The method of claim 128 or 129, said neutral hydrophilic polymer comprising 
polyethyleneglycol. 

131. A pharmaceutical formulation for administering a recombinant nucleic acid to a patient, 
comprising 

the synthetic virus like panicle of any one of claim 1 in combination with a 
pharmaceutically acceptable carrier. 

132 The pharmaceutical formulation of claim 131, further comprising an endosomal disruption 
agent. 

133. The pharmaceutical formulation of claim 131, further comprising a neutral hydrophilic 
polymer. 

134. A method of introducing a recombinant nucleic acid into a patient, the method comprising 
administering to the patient a therapeutically effective amount of the synthetic virus like 

particle of claim 1 or the pharmaceutical formulation of claim 131. 

135. A method of making a synthetic virus like particle for transfecting mammalian cells with 
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a recombinant nucleic acid, said method comprising 

mixing a recombinant nucleic acid with a plurality of nucleic acid condensing peptides 
under conditions sufficient to permit formation of a synthetic virus like particle containing 
condensed nucleic acid, wherein said nucleic acid condensing peptide is a heteropeptide and said 
plurality of nucleic acid condensing peptides has low polydispersion. 

136. The method of claim 135 wherein said mixing step comprises mixing said nucleic acid with 
said plurality of nucleic acid condensing peptides wherein said plurality comprises a first nucleic 
acid condensing peptide and a second nucleic acid condensing peptide, each said nucleic acid 
condensing peptide being a heteropeptide and each said plurality of nucleic acid condensing 
peptides having low polydispersion, wherein said first nucleic acid condensing peptide comprises 
a first functional group covalently bound thereto. 

137. A method of making a synthetic virus like particle for transfecting mammalian cells with 
a recombinant nucleic acid, said method comprising 

mixing a recombinant nucleic acid with a first plurality of first nucleic acid condensing 
peptides and a second plurality of second nucleic acid condensing peptides under conditions 
sufficient to permit formation of a synthetic virus like panicle containing condensed nucleic acid, 
wherein each said first and second nucleic acid condensing peptide is a heteropeptide and each 
said first and second plurality of nucleic acid condensing peptides has low polydispersion. 

138 The method of claim 137 wherein said first nucleic acid condensing peptide comprises a 
first functional group covalently linked thereto. 

139. The method of claim 136 or 137 wherein said first and said second nucleic acid condensing 
peptides have different amino acid sequences. 

140. The method of claim 136 or 137, said first and said second nucleic acid condensing 
peptides having the same amino acid sequence. 
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141. The method of claim 136 or 137 wherein said mixing step comprises mixing said nucleic 
acid with a said plurality of nucleic acid condensing peptides wherein said second nucleic acid 
condensing peptide comprises a second functional group covalently bound thereto, said second 
functional group being different from said first functional group. 

142. The method of claim 136 or 137 wherein said first nucleic acid condensing peptide further 
comprises a second functional group covalently bound thereto. 

143. The method of claim 142 wherein said second functional group is covalently bound to said 
first functional group. 



144. The method of claim 141 wherein said mixing step comprises the step of: 

selecting a ratio of first and second functional groups such that the proportions of 
first and second nucleic acid condensing peptides mixed with said recombinant 
nucleic acid corresponds to said ratio. 



145 The method of claim 141 wherein said mixing step comprises the step of: 

selecting the position on a said nucleic acid condensing peptide for covalent 
linkage to a said functional group. 

146. The method of claim 145, wherein said selecting step comprises selecting the amino acid 
position on said first nucleic acid condensing peptide for covalent linkage to said first functional 
group and selecting the amino acid position on said second nucleic acid condensing peptide for 
covalent linkage to said second functional group. 

147. The method of claim 145 wherein said selecting step comprises selecting an amino or 

carboxy terminal position of a said nucleic acid condensing peptide. 

148. The method of claim 141 wherein said mixing step comprises the step of: 

selecting the position on a said functional group for covalent linkage to a said 
nucleic acid condensing peptide. 
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149. The method of claim 148 wherein said functional group comprises a targeting protein. 

150. The method of claim 135 or 137, further comprising after said mixing step, the step of 
mixing said synthetic virus like particle with an endosomal disruption agent. 

151. A method of making synthetic virus like particle for transfecting mammalian cells with a 
recombinant nucleic acid, said method comprising 

a) contacting a plurality of first nucleic acid condensing peptides with a recombinant 
nucleic acid in high salt concentration for a time sufficient to allow noncovalent association of said 
plurality of nucleic acid condensing peptides with said nucleic acid and to permit condensation of 
said nucleic acid, 

b) diluting said salt concentration of step a) to a lower salt concentration and adding a 
neutral hydrophilic polymer. 

1 52. The method of claim 151 wherein in said step b), said diluting and adding is performed 
simultaneously with adding a plurality of second nucleic acid condensing peptides, each said 
second peptide comprising a lipid group covalently linked thereto, 

wherein each said first and second nucleic acid condensing peptide is a heteropeptide and 
each said plurality has low polydispersion. 

153. The method of claim 151 wherein said in said step b), said diluting and adding is 
performed prior to adding a plurality of second nucleic acid condensing peptides, each said second 
peptide comprising a lipid group covalently linked thereto, 

wherein each said first and second nucleic acid condensing peptide is a heteropeptide and 
each said plurality has low polydispersion. 

154. The method of claim 151 wherein said neutral hydrophilic polymer comprises 
polyethyleneglycol. 
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155. A method of making a synthetic virus like particle for transfecting mammalian cells with 
a recombinant nucleic acid, said method comprising 

a) forming a mixture of a plurality of first nucleic acid condensing peptides and a 
recombinant nucleic acid in high salt concentration. 

b) incubating said mixture of step a) for time sufficient to allow noncovalent association 
of said plurality of i'ucleic acid condensing peptides with said nucleic acid and condensation of 
said nucleic acid, and 

c) contacting said mixture of step b) with a plurality of second nucleic acid condensing 
peptides comprising a lipid group covalently linked to a said second peptide, 

wherein each said first and second nucleic acid condensing peptide is a heteropeptide and 
each said plurality of nucleic acid condensing peptides has low polydispersion. 



141 



BNSDOCID: <WO 9641606A2_L> 

i 



WO 96/41606 



PCT/GB96/01396 



'/so 






BNSDOCID: <WO 96H606A2J_> 



M 



WO 96/41606 



PCT/GB96/01396 



< 

^ O 

i o 

CM 



O 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 9641606A2J_> 

i 



WO 96/41606 



PCT/GB96/01396 



s/so 



in 
< 
2 



o 
o 

GO 

cn 



o 
o 

cn 



o 
o 

CD 

cn 



O 
.in 

cn 



O 

LO 
CO 

cn 



o 
in 
'in 
cn 



in 

< v< 

-J" 

CO 




o 

_ O 
CO 



04 



o 
o 
in 
cn 



o 
o 



O 
in 

cn 



O 
in 
cn 
m 



O 

L o 

Csl 

cn 



o 
.in 

Csl 

cn 



o 
in 

cn 



o 
Uo 

cn 



O 
in 
O 
cn 



O 9 



o 
o 
o 

cn 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606 A2_l_> 



WO 96/41606 



PCT/GB96/01396 



if) 

if) 

< 




SUBSTITUTE SHEET (RULE 26) 

BNSDOC1D; <WO 9641606A2„L> 



WO 96/41606 



PCT/GB96/01396 



5/& 




WO 96/41606 



PCT/GB96/01396 



if) 
< 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2J_ 



PCT/GB96/01396 




SUBSTITUTE SHEET (RULE 26) 



WO 96/41606 



PCT/GB96/01396 




SUBSTITUTE SHEET (RULE 26}" ' 



BNSDOCID: <WO 9641 606 A2_l_> 



WO 96/41606 PCT/GB96/01396 




WO 96/41606 PCT/GB96/01396 

/0/SO 

INCREASING PEPTIDE TO DNA MASS RATIO 



NBC1 



NBC7 



FIG.3 



NBC8 




BNSDOCID: <WO 9641606A2_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 96/41606 



I//3Q 



PCT/GB96/01396 





NBC9 



NBC10 



Fl G . 3 (CONTD.) 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 9641 606 A2_l_> 



WO 96/41606 



PCT/GB96/01396 



I2/50 



in 



CO 




0 


0 


0 


O 


0 


0 


0 


0 


0 


0 


O 


0 


0 


0 


0 


0 


CD 


O 


0 


0 


0 


0" 


0" 




O" 


0" 


0" 


0" 


0 


0 


O 


O 


0 


0 


0 




CO 


O 


00 


CO 




C\J 

















o 



f3lAI/n"ld AijAjPv asejaipn - ! 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9641606A2J_» 



WO 96/41606 



PCT/GB96/01396 



/S/50 



o 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641 606 A2_l_> 



WO 96/41606 



PCT/GB96/01396 



14/50 



CO 

cvi 



o 

CD 




Z3 

cr 
LU 

CD O 
CD Z 

O 



o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o_ 


o 


o 


o 


cT 


o 


CD 


o~ 


o* 


o* 


o 


o 


o 


o 


o 


o 


CO 


to 




CO 


CM 





SUBSTITUTE SHEET (RULE 26) 

BNSDOC1D: <WO 9641606A2_I_> 



WO 96/41606 



PCT/GB96/01396 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641 606 A2_L> 



4 



WO 96/41606 



PCT/GB96/01396 




BNSDOCID: <WO 9641606A2_I_> 



WO 96/41606 



PCT/GB96/01396 



17/SO 



CD 




(uiajojd Sui/QiH) *J!M* 3 V aseiajpnq 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 96di606A2_L> 




BNSDOCID: <WO 96d1606A2_L> 



WO 96/41606 



PCT/GB96/01396 



19/50 




SUBSTITUTE SHEET (RULE 26) 



BNSDOC1D: <Wp 9641606A2_I_> 



WO 96/41606 



PCT/GB96/01396 



20/SO 




© 
If) 



IT) 
CVJ 



CD 

o 




I 



< 
Q 

<° <D 
o X 

CL 

E 
o 



QO 



© o 
cT cT 



o o 
e o 

© cT 



6iu/sjunoo asEJ3jion"| 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2J_> 



WO 96/41606 



PCT/GB96/01396 



2//50 




0) 

« 

CO 

o 

CL 
< 

Q 




O 
O 




CO 
CL 
3 
O 

O 
o 
c 

O 



0> 

E 

2: 




CQ 

1 1 

O C 



© 
©_ 

C-4 



O 

o 
© 



© 



(uiaiojd 3ui/qt>i) aiiaiv>v asejajpnq 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2J_> 



WO 96/41606 



PCT/GB96/01396 




BNSDOCIO: <WO 9641 606 A2_L> 



WO 96/41606 



PCT/GB96/01396 



23/50 




C3 



to to to to m to o 

o o o o o o o 

+ + + + + + + 

UJ LU LU ULI LU LU LU 

O O O O O O O 

O O O O O O O 

CO m TT ^ CN4 ^ o 



2ui/QTH 

SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO __9€41606A2 I > 



WO 96/41606 



PCT/GB96/01396 



24/50 



CO 

O 




E 



(U!93.0Jd Sui/fyq) /CjJAIJDe 0SBJ9J.pnq 



SUBSTITUTE SHEET (RULE 26) 



9641606A2 I _> 



WO 96/41606 



PCT/GB96/01396 



26/50 






(upjojd 2iu/QTH) 

. SUBSTITUTE SHEET (RULE 26) 

BIMSDOCIO: <WO 96^1606A2_L> 



WO 96/41606 



PCT/GB96/01396 




(urajojd Sui/qth) 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 96 4 1 606 A2 _l _> 



WO 96/41606 



PCT/GB96/01396 




(uwjojd 2ui/qth) 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2_L> 



WO 96/41606 



PCT/GB96/01396 




BNSDOCID: <WO 9641 606 A2_l_> 



WO 96/41606 



PCT/GB96/01396 



29/50 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9641 606A2J_> 



WO 96/41606 



PCT/GB96/01396 



30/50 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9641606A2J_> 



WO 96/41606 



PCT/GB96/01396 




SUBSTITUTE SHEET (RULE 26) 



WO 96/41606 



PCT/GB96/01396 



32/50 



CJ 

a. 

OX) 

c 

S 
O 

U 



CsJ 




0. 

QJ 
i 

o 



(inajojd 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2_I_> 



WO 96/41606 PCT/GB96/01396 



33/SO 



"55 
O 

CM 
CD 
LO 



CM 
CvJ 

O 
LL_ 



t 



i2 
"53 
O 

CM 

O 

CL 

<D 

X 




iiiiiiiiiiiiiimiiiiiiiiiniiiiiiiiiiiiiiii 



E 

L. 

o 



CM 
Q- 

<° cn 
O =L 



CO 

o 



o 
o 
o 

o~ 
o 



o 
o 
o 

o" 
o 

CO 



o 
o 
o 

0* 
o 
in 



o 
o 
o 

o" 
o 



o 
o 
o 

cT 
o 

CO 



o 
o 
o 

o* 
o 

CM 



o 
o 
o 

o 
o 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCIO: <WO 9641606A2J_> 



WO 96/41606- 



PCT/GB96/01396 



34/50 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2_I_> 



WO 96/41606 PCT/GB96/01396 



SB/SO 




(upjojd 2ui/qth) 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2J_> 




(uiajojd Siu/qth) 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9641606A2J_> 



WO 96/41606 



PCT/GB96/01396 



37/50 





SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2_L> 



WO 96/41606 



PCT/GB96/01396 




WO 96/41606 PCT/GB96/01396 



39/50 

o c\j n 

co f**- co o> 

(003(003(0(0(00) 



co co o 

CO (O CO CO 

; I 1 I 

G * & 

: 1 1 1 



CXI 

O 



•2 
"5 



03 
(5 




co 

(O 

in 



co 

cn 



CO 



co 



CO 
CD 



CO 

cn 



O 

o 



o 
o 



o 
o 



o 
o 
o 



© 
o 
o 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641606A2 l_> 



WO 96/41606 



PCT/GB96/01396 



40/50 



FIG. 28 



140.0E+3 



120.0E+3 



100.0E+3 -- 



c 

O 

CD 
cn 

«_ 

o> 

*u 

2 



80.0E+3 



60.0E+3 



40.0E+3 



20.0E+3 - 



000.0E+0 




K562 Cells 



Peripheral Blood 
Mono Nuclear Cells 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9641 606 A2J_> 




, A#< ^ I _> 



WO 96/41606 



PCT/GB96/01396 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCtD: <WO 9641606A2_I_> 



PCT/GB96/01396 




WO 96/41606 



PCT/GB96/01396 




WO 96/41606 



PCT/GB96/01396 




UWEUULIU.IMU 



SUBSTITUTE SHEET (RULE 26) 



WO 96/41606 



PCT/GB96/01396 




WO 96/41606 



PCT/GB96/01396 



47/50 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9641606 A2_l_> 



WO 96/41606 



PCT/GB96/01396 




WO 96/41606 



PCT/GB96/01396 




yWLUUlIU! JWU 



yMIGUUHlJJ 



WO 96/41606 



PCT/GB96/01396 




If. ' 

I 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
C12N 15/86, A61K 48/00, 
C07K 14/47, A61K 47/48 



A3 



(11) International Publication Number: WO 96/41606 

(43) International Publication Date: 27 December 1996 (27.12.96) 



(21) International Application Number: PCT/GB960I396 

(22) International Filing Date: 10 June 1996 (10.06.96) 



Priority Data: 






60-000.124 


8 June 1995 (08.06.95) 


US 


9513399.7 


30 June 1995 (30.06.95) 


GB 


9519304.1 


21 September 1995 (21.09.95) 


GB 


60/004.285 


25 September 1995 (25.09.95) 


US 


9525955.2 


19 December 1995 (19.12.95) 


GB 


60/008,952 


19 December 1995 (19.12.95) 


US 


60/01 1.531 


12 February 1996 (12.02.96) 


US 


08 -660. 231 


7 June 1996 (07.06.96) 


us 



(71) Applicant: THEREXSYS LIMITED [GBGB); The Science 

Park. University of Keele, Keele. Staffordshire ST5 5SP 
(GB). 

(72) Inventors: THATCHER. David, Robert; 6 Juniper Rise. 

Macclesfield SK10 4XT (GB). CRAIG. Roger. Kingdon; 
Jubilee House Farm. Spen Green, Smallwood. Sandbach, 
Cheshire CW11 0XA (GB). WILKS. Paula, Elizabeth: 5 
Arrowsmith Drive. Alsager, Stoke on Trent ST7 2JK (GB). 
CUNLIFFE. Vincent, Trevor; 21 Queen Street. Knutsford 
WA16 6 HZ (GB). WELSH. John. Hamilton: 4 Melville 
Court, Clayton. Newcastle under Lyme ST5 4HJ (GB). 



(74) Agent: HALLYBONE. Huw, George; Carpmaels & Ransford. 
43 Bloomsbury Square. London WCIA 2RA (GB). 



(81) Designated States: AL, AM. AT, AU. AZ. BB. BG. BR. BY. 
CA. CH. CN. CZ. DE. DK, EE, ES. FI. GB. GE. HU. IL. 
IS. JP, KE. KG. KP, K.R. KZ. LK. LR. LS. LT. LU. LV. 
MD, MG. MK. MS. MW. MX. NO, NZ. PL. PT, RO. RU\ 
SD. SE. SG, SI, SK. TJ, TM. TR, TT. UA. UG. UZ. VN. 
ARIPO patent (KE, LS. MW. SD. SZ. UG), Eurasian patent 
(AM. AZ. BY. KG, KZ, MD, RL\ TJ, TM). European patent 
(AT, BE. CH. DE. DK. ES, FI, FR, GB. GR. IE. IT. LU, 
MC. NL. PT. SE). OAPI patent (BF. BJ. CF. CG, CI. CM. 
GA. GN. ML, MR. NE, SN. TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of ; 
amendments. 

(88) Date of publication of the international search report: 

[ ' H 22 May 1997 (22.05.97) 



(54) Title: USE OF SYNTHETIC VIRUS-LIKE PARTICLES IN GENE THERAPY 
(57) Abstract 

The invention is based on the discovery of a synthetic virus like particle containing a pluralityV peptides capable of condensing 
nucleic acid and condensed nucleic acid.. The plurality of peptides has a low polydispersion index and each peptide of said plurality is 
a heteropeptide. The nucle.c acid mav encode sequences of therapeutic benefit. The synthetic virus like part.cle is self-assembling and 
may be designed so as to be capable of targeting a particular cell or tissue type and delivering nucleic acid to be incorporated into the 
chromosomal or extrachromosomal sequences of the target celts or tissues. 



BNSDOCID: <WO 9641606A3_I_> 



FOR THE PV 



Codes used w Wenufy State 
applications under the PCX 



s pany to the 



JRP 0SES0FISF0HM^0S 
PC T on the front pages of 



ONLY 

Hiuhine international 
pamphlets publishing 



AM 
AT 
AC 
BB 
BK 
BF 
BO 
BJ 
BR 
BY 
CA 

cv 

CO 
CH 
CI 
CM 
CS 
CS 
CZ 
DE 
DK 
EE 
ES 
Fl 
FR 
CA 



Austria 
Australia 
Barbados 
Belgium 
Burkina Faso 
Bulgaria 
Benin 
Brazil 
Belarus 
Canada 

Ccmral African Repute 

Congo 
Switzerland 
Cote d'Noirc 
Cameroon 
C"h»na 

Czechoslovakia 
Ciech Republic 
Germany 
r>nmark 
Estonia 
Spain 
Finland 
France 
Gabon 



GB 

C,E 

GN 

GR 

HC 

IE 

IT 

JP 

KE 

KG 

KP 



: People s Republw- 



KR 
KZ 
LI 

LK 

LR 

LT 

lc 

l.V 
MC 
MO 
MG 
ML 
MN 
MR 



United Kingdom 
Georgia 
Guinea 
Greece 
Hungarv 
Ireland 
Italy 
japan 
Kenya 
KyrgNSian 
Democrat 
of Korea 

Republic of Korea 
Kazakhstan 
Liechtenstein 
Sri Lanka 
Liberia 
Lithuania 
Luxembourg 

Latvia 
Monaco 

Republic of Moldova 
Madagascar 
Mali 

Mongolia 
Mauritania 



MX 
NE 
NL 
NO 
NZ 
PL 
PT 
RO 
RC< 
SO 
SE - 
SG 
SI 
SK 
SN 

sz 

TO 
TG 
TJ 
TT 

CA 
CG 
CS 
CZ 
VN 



Mala* i 
Mexico 
Niger 

Netherlands 
Nor* - as 
Ne* Zealand 
Poland 
Portugal 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 
$\ovenia 
Slovakia 
Senegal 
Swaziland 
Chad 
Togo 
Tajikistan 

Trinidad and Tobago 
Ckraine 
Uganda 

united States of Amen, a 
Uzbekistan 



Viet Nam 



INTERNATIONAL SEARCH REPORT 



-rnational Application No 

PCT/GB 96/G1396 



A, CLASSIFICATION OF SUBJECT MATTER rmtM>W/l7 AA1lfM7/dft 

IPC 6 C12N15/86 A61K48/00 C07K14/47 A61K4//4a 



According to Intemaaonal Patent Classification (IPO or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61K C07K 



Documentation searched other than minimum 



documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted dunng the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



OE 44 12 629 A (BOEHRINGER MANNHEIM GMBH) 
26 January 1995 



see page 4, line 47 
see tables 3-5 



- page 5, line 24 



Relevant to claim No. 



1,2,4-8, 

28-36, 

38-43, 

45-49, 

69-77, 

79-83, 

86-90, 

110-118, 

120-125, 

131 

134-148, 
155 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



* SpeaaJ categories of cited documents : 

*A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on pnonty claim<s> or 
which is cited to establish the publication date ol another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the pnonty date claimed 



*T* later document published after the international filing date 
or pnonty date and not in conflict with the application but 
ated to understand the pnnciple or theory underlying the 
invention 

*X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

• Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

*<fc* document member of the same patent family 



Date of the actual completion of the international search 



23 January 1997 



Date of mailing ol the international search report 



2 4. Qk. 97 



Name and mailing address ot the ISA 

European Patent Office, P.B. 5818 PatenUaan 2 
NL - 2280 HV Ri|swi]k 

Tel. I - 3 1 - 70) 340-2040. Tx. 31 651 epo nl. 
Fax ( - 3 1 - TO) 340-3016 



Authonzed officer 



DULLAART A.W.M. 



Form PCT ISA. 210 occond sheet! iJoly 1992) 



page 1 of 3 



BNSDOC1D: <WO 9641606A3_L> 



INTERNATIONAL SEARCH REPORT 



•maoonal Application So 

PCT/GB 96/G1396 



C\(Cononu»Uon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Cttgory • I OUOon of document, wi* mdicaoiv where .ppropnalt. ol (he relevant passages 



EP 0 544 292 A (BOEHRINGER MANNHEIM GMBH) 
2 June 1993 



see examples 2,3 
see table 1 

WO 95 06056 A (UNIV MEDICINE & DENTISTRY 
OF N ) 2 March 1995 



see examples 

WO 93 19768 A (UNIV CALIFORNIA) 14 October 
1993 



see page 32 - page 33 



1,2,4-8, 

28-36, 

38-43, 

45-49, 

69-77, 

79-83, 

86-90, 

110-118, 

120-125, 

131 

134-148, 
155 



1,2,4-8, 

28-36, 

38-43, 

45-49, 

69-77, 

79-83, 

86-90, 

110-118, 

120-125, 

131 

134-148. 
155 



1,2,4-8, 

28-36, 

38-43, 

45-49, 

69-77, 

79-83, 

86-90, 

110-118, 

120-125, 

131 

134-148, 
155 



Form PCT ISA. 210 (conunuiuon of tecond iheet) (iuly 1992) 
>: <WO 9641 606 A3 J _> 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



rmaoornl Application No 

PCT/GB 96/01396 



C.<Conanuaaon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


PROCEEDINGS OF THE NATIONAL ACAOEMY OF 


1,2,4-8, 




SCIENCES OF USA, 


28-36, 




vol. 90, February 1993, WASHINGTON US, 


38-43, 




pages 893-897, XPQ02023679 


45-49, 




LEGENDRE, J.-Y. ETAL.: "Cyclic 


69-77, 




amphipathic peptide-DNA complexes mediate 


79-83, 




high-efficiency transfection of adherent 


86-90, 




marTTnalian cells" 


110-118, 






ion ioc 






131 


Y 




134-148, 






155 




see paragraph materials and methods 






see paragraph results 




P,X 


— 

WO 95 21931 A (RHONE POULENC RORER SA 


1,2,4-8, 




;BAZILE DIDIER (FR); EMI LE CAROLE (FR); 


28-36, 




HEL) 17 August 1995 


38-43, 




45-49, 






69-77, 






79-83, 






86-90, 






110-118, 






1 o/*i IOC" 

120-125 , 






1 1 1 
131 


Y 




131, 






134-148, 






155 




see examples 4,5 






see claims 




E 


WO 96 19241 A (MEDICAL RES COUNCIL) 27 


1-155 




June 1996 . A 






see the whole document 




E 


WO 96 25508 A (RHONE POULENC RORER) 22 


1-55 




August 1996 






see the whole document 




Y 


PROC NATL ACAD SCI USA, JUL 1988, VOL. 


1,2,4-8, 




85, NO. 13, PAGE(S) 4832-6, XP002023680 


28-36, 




ROKEACH LA ET AL: "Molecular cloning of a 


38-43, 




cDNA encoding the human Sm-D autoantigen. " 


45-49, 




69-77, 






79-83, 






86-90, 






110-118, 






ion ioc 

120-125 , 






131 


Y 




134-148, 






155 




see paragraph materials and methods 




j 


see figure 5 





Form PCT ISA 210 Iconlinuauon of iccond ihe*i) (July 1992) 



page 3 of 3 



BNSDOCIO: <WO 9641606A3_ 



INTERNATIONAL SEARCH REPORT 



Trnalional application No. 

PCT/GB 96/ 01396 



Box I Observations where certain claims were found 



unsearchable (Continuation of item I of first sheet) 



Th.s Internauona. Search Report has not been establ.shed in respect o; 



f certain cla.ms under Article 17(2)(») for the followng reasons: 



H SSE/SE reUte to sub,ect matter not reared to be searched by th.s Author.ty. namely: 

effects of the compound/composition. 

QT] CUim, Nos, 1 . j J"8 ^ 28-36 , 38 — lnal dQ „ ol comply wilh the presenbed requirements to such 

45-49,69-77,79-83,86-90,110-118.120-125 131 134 J« ^ »5 
compounds mentioned in the examples of the description. 

□ SSS,^ are dependent claims and are not drafted ,„ accordance w.th the second and th.rd sentences of Rule 

of invention is lack.ng (Con tinuation of item 2 of first sheet) 
Thi s Internauona. Search.n g Authority found mulup.e .nventions ,n th.s internauona, appl.cauon. as fo.lows: 

See continuation sheet. 



, . n ^ - — -—a! search fees were timely paid by the applicant,*, .nternat.ona, Search Report covers al, 
searchable claims. 

, .j;,,...! f ec rhis Authority did not invite payment 

2. P AS all searchable claims could be searches w.thout effort justifying an add.t.ona. fee. 
' of any additional fee. 



3. □ s ° me of lh f requ ' red l d ^Tes J wer J e C paid e 'spec.r.callv cla.ms Nos.: 

1 covers onlv those claims lor which lees were paia, specm 



s were umely paid by the appl.cant. this Internauona! Search Report 



an hv the acobcanl Conseauenlly. th.s Internauona! Search Report .s 
No required add.uonai search fees were ^.yH ^.^.^S bv claims Nos, 
restricted to the invention f.rst mcnt.oncd in the cla>ms. it is coverec . 



Remark on Protest 



□ 



The 



addu.ona. search fees were accompan.cd by the applicant , protest. 



| So protest accompan 



,cd ihc payment of additional scaxen ices. 



Form PCT-lSA.-2:0 (continuation 
BNSDOCID: <WO 9641606A3J_> 



of fust sheet ( *.)) I July '.992) 



INTERNATIONAL SEARCH REPORT 



international Aootication no. PCT/GB 96/ 01396 



FURTHER INFORMATION CONTINUED FR M PCT/ISA/210 



1 Claims 1, 2, 4-7, 28-36, 38-43, 45-48, 69-77, 79-83. 86-89, 110-118. 120-125. 131. 
134-148 and 155 in part, and 8, 49 and 90: the synthetic virus-like particle, the plurality 
of nucleic acid condensing peptides, the method for prepanng the virus-like particle, 
and the use of the particle, comprising as a functional group an antigenic peptide. 

2 Claims 1,2, 4-7, 28-36, 38-43. 45-48, 69-77, 79-83, 86-89, 110-118, 120-125. 131, 
134-148 and 155 in part, and 9-10, 50-51, 91-92 and 149: the synthetic virus-like 
particle, the plurality of nucleic acid condensing peptides, the method for prepanng the 
virus-like particle, and the use of the particle, comprising as a functional group a ligand 
that targets a specific cell-type, more specifically, a monoclonal antibody, insulin, 
transferrin or asialoglycoprotein 

3 Claims 1.2, 4-7, 11. 28-36, 38-43, 45-48, 52, 69-77, 79-83. 86-89, 93, 110-118. 120- 
125, 131, 134-148 and 155 in part, and 12, 53 and 94: the synthetic virus-like particle, 
the plurality of nucleic acid condensing peptides, the method for preparing the virus-like 
particle, and the use of the particle, comprising as a functional group a ligand that 
targets cells in a non-specific manner, more specifically a sugar 

4 Claims 1.2, 4-7. 11, 28-36, 38-43, 45-48, 52, 69-77. 79-83, 86-89. 93, 110-118. 120- 
125, 131, 134-148 and 155 in part, and 13-14, 54-55 and 95-96: the synthetic virus-like 
particle, the plurality of nucleic acid condensing peptides, the method for preparing the 
virus-like particle, and the use of the particle, comprising as a functional group a ligand 
that targets cells in a non-specific manner, more specifically a lipid 

5 Claims 1,2, 4-7, 28-36, 38-43. 45-48. 69-77. 79-83, 86-89. 110-118, 120-125, 131. 
134-148 and 155 in part, and 15-16, 56-57, 97-98, 128-130,^133. 151 and 154: the 
synthetic virus-like particle, the plurality of nucleic acid condensing peptides, the 
method for prepanng the virus-like particle, and the use of the particle, comprising as a 
functional group a neutral hydrophilic polymer, more specifically PEG or PVP. 

6 Claims 1. 2, 4-7, 28-36. 38-43, 45-48, 69-77, 79-83, 86-89. 110-118. 120-125. 131, 
134-148 and 155 in part, and 17-18, 58-59, 99-100, 126-127, 132 and 150: the 
synthetic virus-like particle, the plurality of nucleic acid condensing peptides, the 
method for preparing the virus-like particle, and the use of the particle, comprising as a 
functional group an endosomal disruption agent, more specifically a fusogenic peptide, 
more specifically HA peptide. 

7 Claims 1. 2, 4-7, 28-35, 38-43, 45-48, 69-77, 79-83. 86-89. 110-118, 120-125. 131, 
134-148 and 155 in part, and 19-20. 60-61 and 101-102: the" synthetic virus-like 
particle, the plurality of nucleic acid condensing peptides, the method for preDaring the 
virus-like particle, and the use of the particle, comprising as a functional group an 
enzyme, more specifically a recombinase or an integrase. 
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Claims 1 2 4-7, 28-36, 38-43. 45-48, 69-77. 79-83. 86-89. 110-118. 120-125 131. 
?34-T 4 8 1 and 155 in pa,, and 21-22. 37. 62-63, 78. 103-104 and 119: the synthebc 
virus-like particle, the plurality of nucleic acid condensing peptides, the methoc for 
preparing the virus-like particle, and the use of the particle, compr.s.ng as a functional 
group an intracellular trafficking protein, more specifically a nuclear local.sat.on 
sequence 

Claims 1. 2. 4-7. 28-36. 38-43. 45-48. 69-77. 79-83, 86-89 11 0-1 1 8, 120-125 131. 
134-148 and 155 in part, and 3. 23-27. 44, 64-68, 84-85, 105-109 and 152-153. the 
synthetic virus-like particle, the plurality of nucleic acid condensing peptides, the 
method for preparing the v.rus-like particle, and the use of the particle, comprising twc 

functional groups. 
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